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L Real Party In Interest 

The real party in interest in this appeal is Boehringer Ingelheim GmbH. 

77. Related Appeals and Interferences 

There are no prior or pending appeals, interferences or judicial proceedings 
known to Appellant or the Appellant's legal representative which may be related to, 
directly affect or be directly affected by or have a bearing on the Board's decision in the 
present Appeal. 

Ill Status of Claims 

Claims 1-35, 38, 39, 42, 45 and 50-57 have been canceled. 
Claims 36, 37, 40, 41, 43, 44, 46-49 and 58* are rejected. 
Claim 59 is objected to. 

IV. Status of Amendments 

No amendments have been filed subsequent to the Final Office Action dated 
Octobers, 2005. 



* Although the Final Office Action dated October 5, 2005, and the Advisory 
Action dated May 18, 2006, list claim 59 as being rejected and objected to, the Examiner 
confirmed in a telephone conversation with the undersigned on May 25, 2006, that claim 
59 is objected to and claim 58 is rejected. 
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K Summary of Claimed Subject Matter 

A. Overview of Claimed Subject Matter 

Cell division involves the duplication of a ceirs DNA, followed by the accurate 
physical segregation of the genetic material between the two resulting cells. The 
duplication of a cell's DNA results in the formation of "sister" chromatids. 
(Specification, page 2, lines 6-24). The sister chromatids remain attached to one another 
prior to their segregation into opposite cells. (Id.). The attachment between sister 
chromatids, known as "sister chromatid cohesion," is important for proper alignment of 
the chromatids prior to segregation. (Specification, page 2, line 25, through page 3, line 
22). After each pair of sister chromaids is properly aligned, the attachment between 
sister chromatids is broken and the individual chromatids are pulled into opposite cells 
by the action of fibrous protein structures known as microtubules. (Specification, page 
2, lines 6-24). 

At the time of the present invention, it was appreciated in the art that sister 
chromatid cohesion depends on a multi-subunit complex known as "cohesin." 
(Specification, page 3, lines 4-7). In yeast cells, one of the cohesin subunits is called 
Scclp. (Id.). The human homolog of yeast Scclp is SCCL (Specification, page 11, line 
30, through page 12, line 9). It was also appreciated in the art that sister chromatid 
separation is dependent on a specialized sister separating protein which in humans is 
called "separin." (Specification, page 4, lines 3-11; page 11, line 30, through page 12, 
line 1). The yeast homolog of separin is Esplp. (Specification, page 11, line 30, through 
page 12, line 1). Prior to the present invention, however, a direct connection between 
Esplp/separin and Scclp/SCCl was not known or appreciated. 

-2- 



UHLMANN et at. 
Appl. No. 09/500,991 

Through the experiments set out in the present specification, the present inventors 
made the surprising discovery that Esplp cleaves Scclp and that this cleavage is a 
necessary prerequisite to sister chromatid separation. (Specification, page 9, lines 10-13; 
page 11, lines 10-13; page 16, lines 29-32). In other words, it was discovered that sister 
chromatid separation, which is an essential event of cell division, involves the proteolytic 
cleavage of a separin substrate (e.g., Scclp) by a separin (e.g., Esplp). (Id.). Based on 
this surprising discovery, the inventors conceived of screening methods for identifying 
inhibitors of sister chromatid separation. (Specification, page 4, line 29, through page 5, 
line 6; page 17, lines 1-5). As noted in the specification, such inhibitors are useful for, 
e.g., inhibiting the proliferation of rapidly dividing animal cells such as tumor cells. 
(Specification, page 17, lines 13-18). 

B. The Subject Matter Defined by Independent Claim 36 and Support in 
the Specification Therefor 

The sole independent claim involved in this Appeal is claim 36, which is directed 
to a method for identifying a compound that has the activity of inhibiting sister 
chromatid separation in eukaryotic cells. The method comprises: (a) incubating with a 
test compound a separin in the presence of a separin substrate. The substrate is defined 
as a peptide or polypeptide comprising an amino acid sequence EXXR, wherein X is any 
amino acid. It is also specified in the claim that the substrate is capable of being cleaved 
by the separin. The method also comprises: (b) determining the inhibiting effect of the 
test compound on the proteolytic activity of the separin. Support for independent claim 
36 can be found throughout the specification, for example, at page 15, lines 10-15, at 
page 17, lines 6-23, and at page 17, line 24, through pagel8, line 18. 
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VL Grounds of Rejection to be Reviewed on Appeal 

There are two separate grounds of rejection to be reviewed on Appeal: 

(1) Rejection Under 35 U.S.C § 112, First Paragraph — Written Description: 
Whether claims 36, 37, 40, 41, 43, 44, 46-49 and 58 contain subject matter 
which was not described in the specification in such a way as to reasonably 
convey to one skilled in the relevant art that the inventors, at the time the 
application was filed, had possession of the claimed invention. 

(2) Rejection Under 35 U.S.C § 103: Whether the subject matter of claims 36, 
37, 40, 41, 43, 44 and 48 is obvious over Brown et al. 9 Analyt. Biochem. 
277:139-147 (1994) (Exhibit 1) in view of Ciosk et a/., Cell 95:1067-1076 
(1998) (Exhibit 2). 

VI L A rgum en t 

A. The Claimed Methods are More Than Adequately Described in the 
Specification 

1. Legal Principles Relating to the Written Description 
Requirement 

To fulfill the written description requirement of 35 U.S.C. § 112, first paragraph, 
a patent specification must describe an invention in sufficient detail that one skilled in 
the art can clearly conclude that the inventors invented the claimed subject matter. See 
Regents of the Univ. of Cal v. Eli Lilly & Co., 119 F.3d 1559, 1566, 43 U.S.P.Q.2d 
1398, 1404 (Fed. Cir. 1997). Stated differently, the written description requirement is 
satisfied when the specification "set[s] forth enough detail to allow a person of ordinary 
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skill in the art to understand what is claimed and to recognize that the inventor invented 
what is claimed." University of Rochester v. G.D. Searle & Co., 358 F.3d 916, 928, 69 
U.S.P.Q.2d 1886, 1896 (Fed. Cir. 2004). Moreover, an important consideration in 
assessing written description of a claimed invention is the knowledge of one skilled in 
the art. See Bilstad v. Wakalopulos, 386 F.3d 1116, 1126, 72 U.S.P.Q.2d 1785, 1792 
(Fed. Cir. 2004). 

According to the Federal Circuit, "[i]t is not necessary that every permutation 
within a generally operable invention be effective in order for an inventor to obtain a 
generic claim, provided that the effect is sufficiently demonstrated to characterize a 
generic invention." Capon v. Eshhar, 418 F.3d 1349, 1359, 76 U.S.P.Q.2d 1078, 1085 
(Fed. Cir. 2005). In addition, when generic elements of a claim are so well known and 
thoroughly characterized in the art that their recitation alone is sufficient to convey 
distinguishing information regarding their identity, the written description requirement 
for those elements is fully satisfied. See Amgen Inc. v. Hoechst Marion Roussel Inc., 65 
U.S.P.Q.2d 1385, 1398 (Fed. Cir. 2003). 

Finally, a description as filed is presumed to be adequate, unless or until 
sufficient evidence or reasoning to the contrary has been presented by the Examiner to 
rebut the presumption. See t e.g., In re Marzocchi, 439 F.2d 220, 224, 169 U.S.P.Q. 367, 
370 (CCPA 1971). The Examiner, therefore, in making a rejection must have a 
reasonable basis to challenge the adequacy of the written description. The examiner has 
the initial burden of presenting by a preponderance of evidence why a person skilled in 
the art would not recognize in an Applicant's disclosure a description of the invention 
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defined by the claims. See In re Wertheim, 541 F.2d 257, 263, 191 U.S.P.Q. 90, 97 
(CCPA 1976). 

2. Summary of The Examiner's Basis for the Written Description 
Rejection 

The Examiner has not argued that the claimed methods themselves are not 
adequately described. Rather, the written description rejection is based on the 
Examiner's assertion that a particular element used in the practice of the claimed 
methods is not adequately described. In particular, the Examiner has argued that the 
specification does not provide adequate written description for the genus of separin 
substrates defined in the claims. {See Office Action dated March 14, 2005, page 2, lines 
19-24). 

As explained in detail below, the Examiner's basis for the rejection is 
unsupported by the evidence of record and is contrary to the current state of the law 
concerning the written description requirement. 

3. The Subject Matter of Claims 36, 3 7, 40, 41, 43, 44, 48 and 49 is 
Adequately Described 

(a) The Specification Describes Several Exemplary Separin 
Substrates 

Claims 36, 37, 40, 41, 43, 44, 48 and 49 are directed to methods which involve 
the use of a separin substrate defined as being a peptide or polypeptide comprising an 
amino acid sequence EXXR, wherein X is any amino acid, and wherein the substrate is 
capable of being cleaved by a separin. 
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A person of ordinary skill in the art would conclude from the present 
specification that the present inventors invented the claimed methods involving the use 
of any separin substrate, including any separin substrate comprising the amino acid 
sequence EXXR that is capable of being cleaved by a separin. For instance, the 
specification states: 

In a first aspect, the invention relates to a method for 
identifying compounds that have the ability of modulating 
sister chromatid separation in plant or animal cells, 
characterized in that a protease with separin-like cysteine 
endopeptidase activity is incubated, in the presence of the 
substrate(s) for its proteolytic activity and optionally its co- 
factors), with test compounds and that the modulating 
effect of the test compounds on the proteolytic activity of 
the cysteine endopeptidase is determined. 

(Specification, page 17, lines 6-12). There is no indication from this passage that the 
inventors in any way intended to limit the kinds of separin substrates that can be used in 
the practice of the claimed methods. 

The specification also sets forth numerous exemplary separin substrates that can 
be used in the practice of the claimed methods, including: 

• Yeast Scclp, (Specification, page 4, lines 3-5); 

• N- and C-terminally tagged variants of yeast Scclp containing either 
HA or Myc epitopes, (Specification, page 6, lines 3-16 and page 28, 
lines 4-12); 

• HA-tagged variants of yeast Scclp containing either an R268D 
mutation or an R180D mutation (the single mutations were shown to 
be cleaved by separin), (Specification, page 7, lines 19-31 and page 8, 
lines 5-21); 
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• An Scclp variant containing the FLAG epitope, the yeast VMA 
intein, and a chitin binding domain, (Specification, page 31, lines 1- 
14); 

• Phosphorylated and unphosphorylated variants of Scclp, 
(Specification, page 10, lines 7-10); 

• Rec8p, an Scclp homolog that replaces Scclp in the cohesin complex 
of meiotic cells and that was also shown to be cleaved by separin, 
(Specification, page 11, lines 14-29); 

• Human SCC1, (Specification, page 13, lines 8-25); 

• A Myc- tagged variant of human SCC1, (Specification, page 14; line 
14, through page 15, line 2); 

• N- and C-terminal deletion variants of human SCC1 (used to identify 
the sequence EXXR as the cleavage site), (Specification, page 15, 
lines 3-15); and 

• Rad21, an S. pombe homolog of Scclp, (Specification, page 18, lines 
10-13). 

The cleavage of many of these substrates by separin is illustrated in working Examples 
in the specification. {See Examples 2 and 3, illustrating the use of yeast Scclp tagged 
with HA epitopes; Example 5, illustrating the use of purified yeast Scclp; Example 9, 
illustrating the use of untagged human SCC1; and Examples 10-13, illustrating the use of 
human SCC1 tagged with Myc epitopes). 

The Examiner has not explained why the aforementioned exemplary separin 
substrates and working examples are deemed insufficient to adequately describe the 
genus of separin substrates encompassed by the present claims. 
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(b) The Specification Describes Methods for Identifying 
Additional Separin Substrates 

Not only does the specification set forth numerous exemplary separin substrates 
for use in the practice of the claimed methods, but it also describes methods for 
generating a multitude of separin substrates. For instance, the specification notes that the 
S. pombe protein Rad21, and Rad21 derived sequences, can be used as separin substrates. 
(Specification, page 18, lines 10-13, "the S. pombe homologue of Sccl (called Rad21) 
contains two sequences which are similar to the two known cleavage sites in Sccl, and 
Rad21 derived sequences may therefore be used to generate a substrate for S. pombe 
Espl (called Cutl).") The specification additionally describes various methods that can 
be employed to identify a wide variety of separin substrates for use in the practice of the 
claimed methods. For example, it is noted in the specification that: 

Based on information about the sequence specificity of the 
separin proteolytic cleavage site in yeast and in man, other 
potential substrates for the protease can be found in other 
organisms, including humans, which also allows for the 
design of peptides derived from these substrates, which are 
useful as substrates in the screening assay of the invention. 

(Specification, page 19, lines 21-25, emphasis added). The specification further sets out 
specific exemplary methods that can be used to identify variants of known separin 
substrates and additional substrates. According to the specification: 

In a preferred embodiment, the substrate is a peptide 
containing the cleavage site of the naturally occurring 
substrate. The sequence specificity of the proteolytic 
cleavage can be determined by testing a variety of different 
peptides. The peptide may be of natural origin, i.e. derived 
from the natural SCC1, or a variant. An example for a 
natural peptide [is] the human SCC1 peptide as set forth 
[in] SEQ ID NO:l, or a fragment thereof that contains the 
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separin cleavage site. Variants can be generated either by 
synthesising variant peptides or by mutating DNA 
sequence from genes encoding cohesion proteins. More 
specifically, other substrates for separin can be identified 
by searching for small DNA fragments from the yeast 
genome or an oligonucleotide library that can replace the 
normal Sccl cleavage sites. Oligonucleotides may be 
inserted into a SCC1 gene (lacking both natural cleavage 
sites) under control of the GAL promoter on centromeric 
pla[s]mid. Yeast cells may be transformed with a library 
of such constructs and only plasmids whose modified Sccl 
protein can be cleaved by the separin activity will permit 
growth in the presence of galactose. The peptides encoded 
by the positive constructs are useful as substrates for 
separin in the screening assay of the invention. 

(Specification, page 19, line 26, through page 20, line 12). This method would allow 
persons of ordinary skill in the art to identify a multitude of separin substrates that can be 
used in the practice of the claimed methods. The Examiner has not presented any 
evidence or argument to refute these contentions. 

(c) The Level of Skill In the Art Relating to the Production 
and Use of Proteolytic Substrates Was Extremely High 

When assessing the adequacy of written description provided for a particular 
claimed invention, it is necessary to consider the level of skill in the art. As articulated 
recently by the Federal Circuit: 

The descriptive text needed to meet these requirements 
varies with the nature and scope of the invention at issue, 
and with the scientific and technologic knowledge already 
in existence. The law must be applied to each invention 
that enters the patent process, for each patented advance is 
novel in relation to the state of the science. Since the law 
is applied to each invention in view of the state of relevant 
. knowledge, its application will vary with differences in the 
state of knowledge in the field and differences in the 
predictability of the science. 



-10- 



UHLMANN et al 
Appl. No. 09/500,991 



Capon, 418 R3d at 1357, 76 U.S.P.Q.2d at 1084. Here, the level of skill and knowledge 
in the art relating to the production and use of proteolytic substrates was extremely high 
at the time of the effective filing date of the present application. For example, having 
knowledge of a particular cleavage motif (such as EXXR), a skilled person would simply 
identify and/or isolate naturally occurring peptides or polypeptides having the cleavage 
motif, or alternatively, produce synthetic peptides that contain the motif. The isolation 
of naturally occurring peptides or polypeptides having a particular cleavage motif could 
have easily been accomplished using, e.g., genetic screening methods. (See, e.g., 
Specification, page 20, lines 1-12, describing exemplary screening methods that could 
have easily been used to identify additional separin substrates and variants thereof). 

The level of skill in the art of producing synthetic proteolytic substrates 
containing a particular cleavage motif was likewise extremely high. For example, at the 
time of the effective filing date of the present application, techniques for producing 
thousands of peptides having predetermined amino acid sequences were routine in the 
art. Such techniques include, e.g., the production of recombinant nucleic acid molecules 
that encode peptides containing a protease cleavage motif, and the direct production of 
multiple peptides that include the cleavage motif. (See, e.g., Rodda, "Synthesis of 
Multiple Peptides on Plastic Pins," in Current Protocols in Protein Science, John Wiley 
& Sons, Inc. (1997), Exhibit 3). As noted by Rodda, "The key to preparing large 
numbers (hundreds to thousands) of synthetic peptides in a short time and at minimal 
cost is to use a parallel synthesis technique which is efficient and can be done on a small 
scale." (See id., page 18.2.1, first paragraph). Thus, the level of skill in the art of 
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producing multiple peptides and polypeptide sequences, including those containing a 
particular proteolytic cleavage motif such as EXXR, was very high. 

Importantly, the Examiner has not presented any evidence or argument to suggest 
that the level of skill and knowledge in the relevant art was not high. In fact, from a 
review of the record, it appears that the Examiner has not considered the level of skill 
and knowledge in the art at all in the context of analyzing the written description 
requirement. For this reason alone — in view of the Federal Circuit's admonition in 
Capon that the state of the art must be considered in assessing adequacy of written 
description — the present rejection cannot stand. 

(d) The Term "Separin Substrate" Alone Readily Conveys 
Distinguishing Information Concerning the Substrates 

Appellants further note that the Examiner's analysis of the written description 
requirement is flawed because it focuses improperly on elements of the claims that are 
not the point of novelty of the invention. Several recent cases from the Federal Circuit 
confirm that, for generic elements of a claim that are well known in the art and are not 
themselves the point of novelty of a claimed invention, the written description 
requirement may be satisfied with respect to those elements by their recitation alone. 

For example, in Amgen, the Federal Circuit held that a patent specification that 
disclosed only two species of vertebrate or mammalian cells nonetheless provided 
adequate written description support for method claims that involved the use of 
vertebrate or mammalian cells, generally. See Id., 314 F.3d at 1332, 65 U.S.P.Q.2d at 
1398. According to the court: 
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the claim terms at issue here are not new or unknown 
biological materials that ordinary skilled artisans would 
easily miscomprehend. Instead, the claims of Amgen's 
patents refer to types of cells that can be used to produce 
recombinant human EPO...£/*e words "vertebrate" and 
"mammalian " readily "convey [] distinguishing information 
concerning [their] identity" such that one of ordinary skill 
in the art could "visualize or recognize the identity of the 
members of the genus." Indeed, the district court's 
reasoned conclusion that the specification's description of 
producing the claimed EPO in two species of vertebrate or 
mammalian cells adequately supports claims covering EPO 
made using the genus of vertebrate or mammalian cells, 
renders Eli Lilly listless in this case. 

Id., 314 F.3d at 1332, 65 U.S.P.Q.2d at 1398. (internal citations omitted, 
emphasis added). The court's decision was based on two principle factors: 

1. That the claim terms at issue ("vertebrate" and "mammalian") did not 
refer to new or unknown biological materials that ordinary skilled artisans 
would easily miscomprehend; and 

2. That the words "vertebrate" and "mammalian," as used in the claims, 
readily conveyed distinguishing information concerning their identity 
such that one of ordinary skill in the art could visualize or recognize the 
identity of members of the genus. 

When the reasoning of Amgen is applied in the context of the present claims, it is 
clear that the written description requirement is more than adequately satisfied for 
separin substrates comprising an amino acid sequence EXXR that are capable of being 
cleaved by a separin. 
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First, the term "separin substrate" like the terms "vertebrate" and "mammalian," 
does not refer to new or unknown biological materials that ordinary skilled artisans 
would easily miscomprehend. As noted in the specification, both separins and cohesins 
having homology to yeast Scclp (i.e., separin substrates) were known in the art in 
several species. For example, as noted in the specification: 



The sequences of human homologs of budding yeast Espl, 
Pdsl and Sccl already exist in public databases. The 
human homologs of Espl and Pdsl are referred to as 
separin (Nagase et al., [DNA Res. 5:17-24] 1996; protein 
sequence: NCBI Acc. No. BAA11482; DNA sequence: 
NCBI Acc. No. D79987) and securin (Zou et al., [Science 
255:418-422] 1999, Dominguez et al., [Oncogene 7 7:2187 - 
2193] 1998) respectively, and the human homolog of Sccl 
as SCC1 (McKay et al., [Genomics 35:305-315] 1996; 
DNA sequence: NCBI Acc. No. X98294; protein 
sequence: NCBI Acc. No. CAA 66940). 

(Specification, page 11, line 30, through page 12, line 5). It is also noted that the 
sequence motif EXXR is "conserved in many SCC1 homologs in different species." 
(Specification, page 15, lines 10-13). Thus, the molecules identified as separin 
substrates in the present application were not new or unknown biological materials (even 
though their role as proteolytic substrates of separin for sister chromatid separation was 
not appreciated prior to the present invention). 



Second, the claim term itself readily conveys distinguishing information 
concerning the identity of the substrates so that persons of ordinary skill in the art could 
recognize the identities of members of the genus. Persons of ordinary skill in the art 
would readily understand from the claim terms alone that the substrates used in the 
practice of the claimed methods (a) include the EXXR amino acid motif, and (b) are 
capable of being cleaved by separin. Thus, a skilled person would be able to readily 
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distinguish the separin substrates used in the practice of the claimed methods from 
peptides that fall outside the scope of the claim language (i.e., peptides that lack the 
EXXR amino acid motif and/or are not capable of being cleaved by separin). 

In summary, under Amgen, the expression "separin substrate . . . comprising an 
amino acid sequence EXXR, wherein X is any amino acid, and the substrate is capable of 
being cleaved by the separin," by itself, conveys sufficient identifying information 
regarding the substrates so that a person of ordinary skill in the art could visualize and/or 
recognize members of the genus. 

The general approach to the written description inquiry set forth in Amgen has 
recently been confirmed by the Federal Circuit. For instance, in Capon, the Federal 
Circuit held that, in the context of claims to chimeric genes comprising known genetic 
elements, it was unnecessary for the applicants/patentees to provide a structural 
description (i.e., a recitation of the nucleotide sequence) of the claimed chimeric genes. 
See id., 418 F.3d at 1358, 76 U.S.P.Q.2d at 1084-85. According to the court, "[w]hen the 
prior art includes the nucleotide information [of the component DNAs], precedent does 
not set a per se rule that the information must be determined afresh." Id. This rationale 
was further endorsed in the recent case of Falkner v. Inglis, 448 F.3d 1357, 2006 U.S. 
App. LEXIS 13127 (Fed. Cir. May 26, 2006) ("it is the binding precedent of this court 
that Eli Lilly does not set forth a per se rule that whenever a claim limitation is directed 
to a macromolecular sequence, the specification must always recite the gene or sequence, 
regardless of whether it is known in the prior art.") Applied to the circumstances of the 
present appeal, Capon and Falkner strongly support Appellants 1 position that the genus 
of separin substrates recited in the claims is more than adequately described by virtue of 
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the fact that the molecules identified as separin substrates in the present application were 
known in the prior art. 

(e) Example 18 of the USPTO's Written Description 
Guidelines Indicates that The Genus of Separin 
Substrates Defined in the Claims is Adequately Described 

Example 18 of the USPTO's "Synopsis of Application of Written Description 
Guidelines' 1 (available at http://www.uspto.gov/web/ menu/written.pdf, copy submitted 
herewith as Exhibit 4) provides further support for Appellants' position. This Example 
illustrates an analysis of the written description provided for a process claim where the 
novelty is in the method steps. The claim at issue in this Example is as follows: 

A method of producing a protein of interest comprising; 

obtaining Neurospora crassa mitochondria, 

transforming said mitochondria with a expression 
vector comprising a nucleic acid that encodes said 
protein of interest, 

expressing said protein in said mitochondria, and 
recovering said protein of interest. 

The specification in Example 18 shows actual reduction to practice of a single 
embodiment: the expression of (3-galactosidase. The claimed process, however, involves 
the use of any nucleic acid that encodes any protein of interest, a virtually unlimited 
genus. Nonetheless, the Example concludes that the claimed invention is adequately 
described. According to the analysis provided in this Example: 

The art indicates that there is no substantial variation 
within the genus because there are a limited number of 
ways to practice the process steps of the claimed invention. 

The single embodiment is representative of the genus 
based on the disclosure of Neurospora crassa 
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mitochondria as a gene expression system, considered 
along with the level of skill and knowledge in the gene 
expression art. One of skill in the art would recognize that 
applicant was in possession of all of the various expression 
methods necessary to practice the claimed invention. 

Significantly, in assessing the written description of this hypothetical claim, the 
USPTO's Example does not even question whether the specification provides adequate 
description of the entire genus of nucleic acid encoding a protein of interest because the 
nucleic acid is not itself being claimed. Thus, the emphasis in this analysis is on whether 
the process is adequately described. Structural information regarding the individual 
elements used in carrying out the process is clearly not required to satisfy the 
requirements of § 112, first paragraph under these circumstances. 

Analogously, separin substrates comprising the amino acid sequence EXXR in 
the present claims are not themselves being claimed; they are simply elements used in 
the practice of the claimed methods. Thus, the written description analysis should focus 
on whether or not the methods are adequately described, not whether separin substrates 
comprising the amino acid sequence EXXR are adequately described (although they 
certainly are adequately described by, inter alia, the numerous exemplary substrates 
described in the specification in view of the advanced state of the art. See Sections 
VII.A.3(a)-(c), above). 

The Examiner has summarily dismissed Appellants' analysis of Example 18 as it 
applies to the present claims. According to the Examiner, this Example: 

"is not directed to an assay method using a genus of 
substrates comprising the amino acid sequence EXXR. 
Example 18 is only directed toward a method of expressing 
a protein of interest in Neurospora crassa mitochondria." 
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(Advisory Action dated May 18, 2006, Continuation Sheet, lines 19-21). The Examples 
from the USPTO's Guidelines, however, are intended to illustrate general principles to 
be applied in a wide range of circumstances. Clearly, it was not the intent of the drafters 
of these Examples to have them apply only to the narrow circumstances set forth in these 
hypothetical scenarios. It is rather disturbing that the Examiner, in assessing the 
adequacy of written description provided for the present claims, has refused to consider 
the guidance provided by the USPTO's own training materials simply because the facts 
and circumstances of Example 1 8 do not precisely match the facts and circumstances 
surrounding the present claims. 

As explained above, one of the principles taught in Example 18 is that the 
written description inquiry should focus on the novel aspects of the invention (e.g., the 
process steps of the claimed method) rather than on elements of the claims that do not 
represent a point of novelty of the invention (e.g. , a nucleic acid that encodes a protein of 
interest). This general principle, when applied to the present claims, strongly supports 
Appellants' position that the subject matter of the present claims is more than adequately 
described. It is unfortunate that the Examiner has refused to even consider the potential 
applicability of the principles taught in the USPTO's Written Description Guidelines 
relative to the present claims. 

(f) The Examiner Has Not Set Forth A Reasonable Basis for 
Challenging the Adequacy of Written Description for the 
Recited Genus ofSeparin Substrates 

As noted above, the Examiner has the initial burden of establishing a reasonable 
basis for challenging the adequacy of the written description for a claimed invention. 
See Wertheim, 541 F.2d at 263, 191 U.S.P.Q. at 97. Here, the Examiner has merely 
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presented conclusory arguments that are unsupported by the evidence of record and, in 
any event, fail to take into account the current state of the law regarding written 
description. Thus, the Examiner's burden has not been met. 

The Examiner provided the following explanation for the rejection: 

[T]he specification does not describe a substantial portion 
of an amino acid sequence that is common to all members 
of the genus of separin substrates. Thus, the skilled artisan 
cannot predict the structure of other species encompassed 
by the genus separin substrates, fragments, and variants 
thereof. 

(Office Action dated October 5, 2005, page 3, lines 11-15). Similar arguments were 
asserted in the Advisory Action issued on May 18, 2006, where the Examiner stated that: 

The specification does not disclose how the length or the 
composition of the peptide containing EXXR would affect 
the ability of the separase [sic: separin] to recognize and 
hydrolyzes the peptide. The specification does not disclose 
where the EXXR should be in relation to the N- or C- 
terminal of the peptide which will enable the [separin] to 
recognize and hydrolyze the peptide. It is not clear from 
the specification if large peptides comprising EXXR would 
be hydrolyzed by [separin]. 

(Advisory Action dated May 18, 2006, Continuation Sheet, lines 8-11). These 
conclusory arguments, however, fall far short of satisfying the Examiner's initial burden 
of establishing a rejection for lack of adequate written description under § 112, first 
paragraph. 

First, the Examiner's arguments ignore the fact that the specification describes 
multiple exemplary separin substrates from various species, including mutants and fusion 
proteins thereof. {See Section VII.A.3(a), above). Several of these exemplary substrates 
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are explicitly shown to function as separin substrates in working examples in the 
specification. (See id.). The Examiner has not provided any explanation or evidence to 
suggest that these exemplary substrates are not representative of the genus of separin 
substrates defined in the claims. 

Second, the Examiner in making these statements, has failed to take into account 
the methods taught in the specification for identifying additional separin substrates. (See 
Section VII.A.3(b), above). The Examiner has also ignored the advanced state of the art 
and the ability of persons of ordinary skill to make, test and use a wide range of 
proteolytic substrates using well known and established biological techniques; (See 
Section VILA.3(c), above). Moreover, the Examiner has not provided any explanation 
or evidence to suggest that a person of ordinary skill in the art, in view of these disclosed 
examples and the knowledge available in the art, would have been unable to recognize 
members of the genus of separin substrates defined in the claims. 

Third, the Examiner's reasoning for the rejection, reflected in the above-quoted 
language, is directly refuted by recent cases and the USPTO's own Guidelines which 
reject the notion that structural information must be provided in order to adequately 
describe well known materials. As stated recently by the Federal Circuit in Falkner, "we 
hold that where, as in this case, accessible literature sources clearly provided, as of the 
relevant date, genes and their nucleotide sequences (here 'essential genes'), satisfaction of 
the written description requirement does not require either the recitation or incorporation 
by reference (where permitted) of such genes and sequences." See id., 2006 U.S. App. 
LEXIS 13127 at *28. In view of the current state of the law, the Examiner's above- 
quoted explanations cannot support a rejection for lack of adequate written description. 
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Finally, with respect to the Examiner's statements regarding the length of the 
substrates and the location of the EXXR sequence, there is no evidence of record to 
suggest that determining the appropriate size of a separin substrate or the relative 
orientation of the EXXR sequence within the substrate would have entailed anything 
more than the application of routine techniques. The specification describes and 
illustrates through working examples several separin substrates of various lengths and 
compositions that are cleaved by separin. (See, e.g., Section VILA.3(a), above). In view 
of these examples and the disclosed methods for making and using additional separin 
substrates, a skilled person could have designed and implemented the full range of 
separin substrates defined in the present claims. Without presenting any evidence to 
indicate that the size of the substrate or the position of the EXXR motif within the 
substrate would in any way influence the ability of the substrate to be cleaved by separin, 
the Examiner has simply not met his burden. A rejection for lack of written description 
cannot be maintained on the basis of unsupported technical arguments that are 
contradicted by the teachings in the specification. 

In view of the foregoing discussion, Appellants submit that the subject matter of 
claims 36, 37, 40, 41, 43, 44, 48 and 49 is more than adequately described and that a 
prima facie case of inadequate written description has not been established with respect 
to these claims. 

4. The Subject Matter of Claims 46 and 47 is Adequately Described 

Claim 46 depends from claim 36 and specifies that the substrate is human SCC1, 
or a fragment or variant thereof that can be cleaved by separin or having a separin 
cleavage site. Claim 47 depends from claim 46 and further specifies that the substrate is 
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a polypeptide comprising an amino acid sequence of SEQ ID NO:l, or a fragment or 
variant thereof that can be cleaved by separin or having a separin cleavage site. SEQ ID 
NO:l is the amino acid sequence of a peptide derived from human SCC1. 
(Specification, page 24, lines 11-14). 

Claims 46 and 47 are adequately described for at least the same reasons that 
claims 36, 37, 40, 41, 43, 44, 48 and 49 are adequately described. (See Section VILA.3, 
above). In addition, the specification sets forth working examples that provide additional 
confirmation that the methods of claims 46 and 47 are adequately described. 

For instance, Example 9 (page 38, lines 5-19 and Figs. 9A and 9B) illustrates the 
cleavage of SCC1 in HeLa cells following release from cell cycle arrest. Examples 10- 
13 (page 38, line 20, through page 40, line 16) illustrate the cleavage of a Myc epitope- 
tagged variant of SCC1 both in vivo and in vitro under various circumstances. The 
specification also teaches exemplary methods for making and using variant separin 
substrates. (Specification at page 20, lines 1-12, discussed in Section VILA.3(b), above). 
These teachings, in combination with the working Examples, confirm that the inventors, 
at the time the application was filed, were in possession of the methods of claim 46 
involving the use of human SCC1 and polypeptides comprising SEQ ID NO:l, as well as 
fragments and variants thereof. 

With regard to claim 46, the Examiner stated that: 

,f [t]he scope of the subgenus includes many members with 
widely differing structural, chemical, and physiochemical 
properties including widely differing amino acid 
sequences. Furthermore, the subgenus is highly variable 
because a significant number of structural differences 
between genus members exist." 
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(Office Action dated October 5, 2005, page 3, line 33, through page 4, line 1). The 
Examiner has failed to acknowledge that claim 46 depends from claim 36 which includes 
a functional limitation ("the substrate is capable of being cleaved by the separin 1 *), and 
that this functional limitation significantly limits the variability among members of the 
genus. Additionally, the Examiner has not cited any evidence or scientific reasoning to 
support the assertion that the members of the genus of substrates defined in claim 46 
have "widely differing structural, chemical, and physiochemical properties." Without 
any such evidence or reasoning, the Examiner's rejection stands on nothing more than 
unsupported conclusory statements which cannot support a rejection under § 112, first 
paragraph. 

In view of the foregoing discussion, Appellants submit that the subject matter of 
claims 46 and 47 is more than adequately described and that a prima facie case of 
inadequate written description has not been established with respect to these claims. 

5. The Subject Matter of Claim 58 is Adequately Described 

Claim 58 depends from claim 36 and specifies that the substrate is human SCC1. 
Claim 58 is adequately described for at least the same reasons that claims 36, 37, 40, 41, 
43, 44, 48 and 49 are adequately described {see Section VII. A.3, above), and that claims 
46 and 47 are adequately described. {See Section VILA.4, above). In addition, 
Appellants submit that none of the arguments that have thus far been advanced by the 
Examiner in the present record are even applicable to claim 58 because "human SCC1" is 
a specifically defined protein (see, e.g., Specification at page 12, lines 3-5, citing the 
NCBI accession numbers for human SCC1 DNA and protein sequences); human SCC1 
is not a genus of proteins. 
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Nonetheless, the Examiner appears to be under the impression that the term 
"human SCCl" refers to a genus of proteins. In the Examiner's words, "[t]he scope of 
the genus is not limited to . . . human SCC1 since the claims specifically recite the phrase 
Comprising an amino acid sequence 1 . " (Advisory Action dated May 18, 2006, 
Continuation Sheet, lines 6-7). As explained below, this interpretation of the claim 
scope is inaccurate as it applies to claim 58. 

Independent claim 36 defines the substrate as "a peptide or polypeptide 
comprising an amino acid sequence EXXR ..." Claim 58, however, depends from claim 
36 and specifically defines the substrate as "human SCCl." There is no Comprising 1 
language in claim 58; therefore, claim 58 is limited to the use of SCCl. Accordingly, the 
Examiner's arguments regarding written description for a genus of separin substrates 
cannot apply to the subject matter of claim 58. 

In view of the foregoing discussion, Appellants submit that the subject matter of 
claim 58 is more than adequately described and that a prima facie case of inadequate 
written description has not been established with respect to this claim. 

B. The Claimed Methods are Not Obvious Over the Cited References 

1. Legal Principles Relating to Nonobviousness 

In order to establish a prima facie case of obviousness, there must be some 
suggestion or motivation, either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. See In re Rouffet, 149 F.3d 1350, 1357, 47 U.S.P.Q.2d 
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1453, 1457-58 (Fed. Cir. 1998). In addition, all of the claim limitations must be taught 
or suggested by the prior art. See In re Royka, 490 F.2d 981, 180 U.S.P.Q. 580 (CCPA 
1974). Moreover, if an independent claim is nonobvious under 35 U.S.C. § 103, then 
any claim depending therefrom is likewise nonobvious. Se In re Fine, 837 F.2d 1071, 5 
U.S.P.Q.2d 1596 (Fed. Cir. 1988). 

2. Summary of The Examiner's Basis for the Obviousness 
Rejection 

Claims 36, 37, 40, 41, 43, 44 and 48 were rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Brown et aL, Analyt. Biochem. 277:139-147 (1994) ("Brown") 
(Exhibit 1) in view of Ciosk et al, Cell P5:1067-1076 (1998) ("Ciosk") (Exhibit 2). 
(Office Action dated October 5, 2005, page 4, lines 18-20). According to the Examiner: 

It would have been obvious to one of ordinary skill in the 
art at the time the invention was made to modify the 
process of Brown et al. such that the separain [sic] and 
yeast substrate Sccl taught by Ciosk et al. is used in the 
process taught by Brown et al., where the yeast substrate 
Sccl is labeled at one end with a UV/blue fluorophore and 
at the other end a quencher. One of ordinary skill in the art 
at the time the invention was made would have been 
motivated to do this for the purposes of having a fast and 
simple process for identifying separase [sic: separin] 
inhibitors. 

(Office Action dated March 14, 2005, page 4, lines 11-16). As explained below, this 
justification for the rejection is factually flawed and legally insufficient to establish a 
prima facie case of obviousness. 
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3. Summary of Cited Art 

(a) Brown 

Brown refers to "a general radiometric assay for studying the proteolytic 
activities of endopeptidases using a tritiated-biotinylated peptide." {See Brown, page 
145, sentence bridging left and right columns). Brown illustrates the assay using 
cathepsin G, a synthetic substrate, and an inhibitor known as ACT. {See id., page 145, 
left column, lines 1-10). According to Brown: 

Although specifically used here for an enzyme which 
cleaves at the N-terminus of BAP, this type of labeled 
peptide substrate is readily applied to the detection of other 
endoprotease activities, as well as inhibitors of these 
activities. 

{See id., page 147, left column, lines 25-30). 

(b) Ciosk 

Ciosk refers to the destruction of a yeast protein called Pdslp by a ubiquitin 
protein ligase known as the anaphase promoting complex (APC). {See Ciosk, page 1067, 
abstract, lines 7-12). According to Ciosk, destruction of Pdslp is the APC's sole role in 
triggering Scclp's dissociation from chromatids. {See id.). Ciosk proposes that "the 
APC promotes sister [chromatid] separation not by destroying cohesins but instead by 
liberating the lister-separating' Espl protein from its inhibitor Pdslp." {See id., abstract, 
lines 13-15). 
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4. Claims 36, 37, 40, 41 and 48 are Not Obvious Over the Cited 
References 

(a) The Cited References Do Not Teach or Suggest that 
Scclp is a Proteolytic Substrate 

The Examiner has relied on Ciosk for allegedly "teaching] a recombinant separin 
called Esplp and its yeast substrate Sccl." (Office Action dated March 14, 2005, page 4, 
lines 9-10). There is nothing in Ciosk, however, to indicate that Scclp is a proteolytic 
substrate of Esplp. In fact, there is no suggestion whatsoever in Ciosk that Esplp is a 
protease at all. Ciosk simply concludes that "Esplp is required for both sister 
[chromatid] separation and dissociation of Scclp from chromatin. " {See Ciosk, page 
1070, right column, lines 38-40). Significantly, Ciosk suggests that whatever factor 
causes Scclp to dissociate from chromatin is not necessarily responsible for its 
destruction. According to Ciosk, "Scclp in yeast is indeed destroyed in an APC- 
dependent manner, but the timing of this event suggests that it might be a consequence 
rather than a cause of its dissociation from chromosomes." {See id^ page 1073, right 
column, lines 27-30, emphasis added). Thus, the conclusion in Ciosk that Esplp causes 
Scclp to dissociate from chromosomes would not suggest that Esplp had any role in 
destroying Scclp since it is noted that the destruction of Scclp was believed to be a 
consequence, not a cause, of its dissociation from chromatin. A person of ordinary skill 
in the art, based on this reference, would therefore have had no reason to believe that 
Esplp was involved in the destruction of Scclp or that Esplp is a protease. 

As noted above, there is nothing in Ciosk to suggest that Esplp is a protease. In 
terms of a proposed biological role for Esplp, Ciosk states that: 
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Esplp might, for instance, interact transiently with 
cohesins and facilitate their dissociation from 
chromosomes. Alternatively, it might destroy cohesion by 
an indirect mechanism, by generating a global change 
within nuclei that is more directly responsible for 
weakening sister chromatid cohesion. A candidate would 
be the concentration of Ca 2+ , which appears to change at 
the metaphase to anaphase transition. 

{See Ciosk, page 1074, left column, line 63, through right column, line 7, emphasis 
added, internal citation omitted). Based on Ciosk, a person of ordinary skill in the art 
would have had no reason to believe that Esplp is a protease, especially since Ciosk 
explicitly suggests that Esplp may function by mechanisms such as altering the nuclear 
concentration of Ca 2+ , a mechanism which does not in any way suggest a proteolytic role 
for this gene product. The Examiner has not provided any explanation as to why a 
person of ordinary skill in the art would have had reason to believe that Esplp is a 
protease when Ciosk explicitly suggests alternative activities for this molecule. 

In summary, nothing in Ciosk would have suggested that Esplp is a protease or 
that Scclp is in any way destroyed by Esplp. Thus, a person of ordinary skill in the art, 
in view of Brown and Ciosk, would have had no motivation to include Esplp and/or 
Scclp in the proteolytic assay of Brown. 

(b) The Examiner Has Relied on the Teachings in 
Appellants ' Own Specification to Justify the Rejection 

The Examiner has not presented any arguments or evidence to contradict 
Appellants' position that Ciosk neither teaches nor suggests that Scclp is a proteolytic 
substrate. Instead, the Examiner has relied on passages from Appellants' own 
specification and has presented a legally improper theory of inherency. In particular, the 
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Examiner has cited to Appellants 1 specification at page 4, lines 3-11 and at page 36, line 
21 to support the assertion that Scclp is a substrate Esplp. (Office Action dated October 
5, 2005, page 4, line 25, through page 5, line 6, "The specification states the following 
regarding Esplp as taught by Ciosk et al. (1998) on page 4, lines 3-11 . . ."). According 
to the Examiner: 

Thus, the examiner takes the position that the Esplp taught 
by Ciosk et al. inherently is a separin and the yeast 
substrate Sccl disclosed by Ciosk et al. inherently is a 
substrate for the taught Esplp. 

See October 5, 2005 Office Action, page 5, lines 7-9, emphasis added). This reasoning is 
directly contrary to legal precedent and cannot stand as a basis for an obviousness 
rejection. 

First, it is well established that, in an obviousness rejection, the teaching or 
suggestion to make a claimed combination must be found in the prior art, not in an 
Applicant's disclosure. See In re Vaeck, 947 F.2d 488, 20 U.S.P.Q.2d 1438 (Fed. Cir. 
1991). With regard to the present invention, proteolytic cleavage of Scclp by Esplp is 
the inventors' discovery. Clearly, the Examiner cannot rely on passages from Appellants' 
own specification regarding Appellants 1 own scientific discovery to support a theory of 
motivation to combine references. 

Second, it is equally well established that an obviousness rejection cannot be 
based on what is asserted to be inherent in a reference. See In re Spormann, 150 USPQ 
449, 452 (CCPA 1966). That which is inherent cannot be obvious, since inherent 
information "is not necessarily known . . . [and] Obviousness cannot be predicated on 
what is unknown." Id. See also In re Newell, 891 F.2d 899, 901, 13 USPQ2d 1248, 
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1250 (Fed. Cir. 1989) ("a retrospective view of inherency is not a substitute for some 
teaching or suggestion which supports the selection and use of the various elements in 
the particular claimed combination.") Since proteolytic cleavage of Scclp by Esplp was 
unknown prior to Appellants 1 discovery and is not disclosed or suggested in Ciosk, this 
information cannot form the basis of an obviousness rejection. Since the courts have 
explicitly rejected the use of inherency as a basis for establishing obviousness, the 
Examiner's assertion of obviousness in the present case cannot be maintained. 

In summary, the Examiner has presented no evidence outside of Appellants 1 own 
disclosure to indicate that a person of ordinary skill in the art would have believed that 
Scclp is a proteolytic substrate of Esplp or that Esplp is a protease. Without some 
indication in the prior art that Esplp is a protease and that Scclp is a proteolytic 
substrate of Esplp, a person of ordinary skill in the art would have had no motivation to 
combine Ciosk with Brown. Without a motivation to combine references, the 
obviousness rejection cannot be maintained. 

5. Claim 43 is Not Obvious Over the Cited References 

Claim 43 depends from claim 36 and specifies that the separin is human separin. 
Claim 43 is not obvious over the cited references for at least the same reasons that claims 
36, 37, 40, 41 and 48 are not obvious over the cited references. {See section VII.B.4, 
above). In addition, neither Brown nor Ciosk teaches or suggests the use of human 
separin for any purpose. In fact, the Examiner has not addressed this element of claim 
43 whatsoever. Thus, the obviousness rejection of claim 43 is legally insufficient and 
cannot be maintained. 



-30- 



UHLMANN et al 
Appl. No. 09/500,991 

6. Claim 44 is Not Obvious Over the Cited References 

Claim 44 depends from claim 36 and specifies that the substrate is a protein 
recombinantly produced in baculovirus in the presence of a phosphatase inhibitor. Claim 
44 is not obvious over the cited references for at least the same reasons that claims 36, 
37, 40, 41 and 48 are not obvious over the cited references. (See section VILB.4, above). 
In addition, neither Brown nor Ciosk teaches or suggests a protein recombinantly 
produced in baculovirus. Neither Brown nor Ciosk teaches or suggest the production of 
a recombinant protein in the presence of a phosphatase inhibitor. In fact, the Examiner 
has not addressed these elements of claim 44 whatsoever. Thus, the obviousness 
rejection of claim 44 is legally insufficient and cannot be maintained. 

C. Conclusions 

In view of the foregoing discussion, Appellants submit that the subject matter 
defined by claims 36, 37, 40, 41, 43, 44, 46-49 and 58 is more than adequately described 
in the specification and that the Examiner has not met his burden of establishing a prima 
facie case of inadequate written description under 35 U.S. C. § 112, first paragraph. 

Appellants also submit that the subject matter of claims 36, 37, 40, 41, 43, 44 and 
48 is not obvious over the cited references. The Examiner has failed to establish that all 
of the elements of the claims are taught or suggested by the cited references and has 
failed to provide evidence or a reasonable explanation as to why a person of ordinary 
skill in the art would have been motivated to modify or combine the references. Thus, a 
prima facie case of obviousness under 35 U.S.C. § 103 has not been established. 
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Accordingly, Appellants respectfully request that the Board reverse the 
Examiner's written description and obviousness rejections and remand this application 
for issue. 
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VIIL Claims Appendix 

36. A method for identifying a compound that has the activity of inhibiting sister 
chromatid separation in eukaryotic cells, said method comprising: 

(a) incubating with a test compound a separin in the presence of a 
separin substrate, wherein said substrate is a peptide or 
polypeptide comprising an amino acid sequence EXXR, wherein 
X is any amino acid, and the substrate is capable of being cleaved 
by the separin; and 

(b) determining the inhibiting effect of the test compound on the 
proteolytic activity of the separin, 

wherein a compound determined in (b) to inhibit the proteolytic activity of the 
separin has the activity of inhibiting sister chromatid separation in eukaryotic cells. 

37. The method of claim 36, wherein said eukaryotic cell is an animal cell. 

40. The method of claim 36, which is high-throughput. 

41 . The method of claim 36, wherein said separin is recombinant. 
43. The method of claim 36, wherein said separin is human separin. 



44. The method of claim 36, wherein said substrate is a protein recombinantly 
produced in baculovirus in the presence of a phosphatase inhibitor. 
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46. The method of claim 36, wherein said substrate is human SCC1, or a 
fragment or variant thereof that can be cleaved by separin or having a separin cleavage 
site. 

47. The method of claim 46, wherein said substrate is a polypeptide 
comprising an amino acid sequence of SEQ ID NO:l 5 or a fragment or variant thereof 
that can be cleaved by separin or having a separin cleavage site. 

48. The method of claim 36, wherein said substrate comprises a label which 
generates a detectable signal proportional to the amount of the cleavage product of the 
proteolytic activity, and wherein the signal is measured in the presence and in the 
absence of the test compound. 

49. The method of claim 48, wherein said label is fluorescent. 

58. The method of claim 36, wherein said substrate is human SCC1 . 

59. The method of claim 46, wherein said substrate is a polypeptide 
comprising an amino acid sequence of SEQ ID NO:l. 
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DC. Evidence Appendix 



Exhibit 


Title of Exhibit 


Location in Record 


Exhibit 1 


Brown et al. 9 Analyt. Biochem. 
27 7:139-147(1994) 


Submitted in an Information 
Disclosure Statement filed by 
Applicants on August 3, 2000, and 
cited by Examiner in Office Action 
dated March 14, 2005. 


Exhibit 2 


Ciosk et aL, Cell 93: 1067-1076 (1998) 
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EXHIElT 4 

Process claim where the novelty is in the method steps. 

Specification: The specification teaches a method for producing proteins 
using mitochondria from the fungus Neurospora crassa. In the method, 
mitochondria are isolated from this fungus and transformed with a 
mitochondrial expression vector which comprises a nucleic acid encoding a 
protein of interest. The protein is subsequently expressed, the mitochondria 
is lysed, and the protein is isolated. The specification exemplifies the 
expression of p-galactosidase using the claimed method using a cytochrome 
oxidase promoter. 

Claim: 

1 . A method of producing a protein of interest comprising; 
obtaining Neurospora crassa mitochondria, 

transforming said mitochondria with a expression vector comprising a 
nucleic acid that encodes said protein of interest, 

expressing said protein in said mitochondria, and 

recovering said protein of interest. 

Analysis: 

A review of the specification reveals that Neurospora crassa 
mitochondrial gene expression is essential to the function/operation of the 
claimed invention. A particular nucleic acid is not essential to the claimed 
invention. 

A search of the prior art reveals that the claimed method of expression 
in Neurospora crassa is novel and unobvious. 
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The claim is drawn to a genus, i.e., any of a variety of methods that 
can be used for expressing protein in the mitochondria. 

There is actual reduction to practice of a single embodiment, i.e., the 
expression of p-galactosidase. 

The art indicates that there is no substantial variation within the genus 
because there are a limited number of ways to practice the process steps of 
the claimed invention. 

The single embodiment is representative of the genus based on the 
disclosure of Neurospora crassa mitochondria as a gene expression system, 
considered along with the level of skill and knowledge in the gene 
expression art. One of skill in the art would recognize that applicant was in 
possession of all of the various expression methods necessary to practice the 
claimed invention. 

Conclusion: 

The claimed invention is adequately described. 
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An assay for studying the proteolytic activity of endo- 
peptidases using a biotinylated and cysteine-modifxed 
peptide has been developed. This assay is jrapid, sensi- 
tive, and reproducible. Although used here specifically 
for the enzyme which cleaves at the amino terminus (N- 
terxninus) of ^-amyloid peptide (BAP); this type of ra- 
diolabeled substrate is readily applied to 'the analysis 
and detection of other endoprotease activities. This 
method relies on a peptide substrate which contains: (a) 
the amino acids flanking the enzymatic cleavage site, 
(b) an added cysteine at the carboxy-terminus to allow 
for incorporation of radiolabel via an addition reaction 
with tritiated AT-[ethyl-l,2- 3 H]maleimide (*H-NEM), 
and (c) a biotin at the N-terminus to allow for binding to 
avidin-coated scintillation proximity assay (SPA) 
beads. It has been suggested that the enzyme involved in 
the N-terzriinal cleavage of amyloid precursor peptide 
to generate BAP is a chymotrypsin-like serine protease 
such as cathepsin G. To study this enzymatic activity 
and to screen for its inhibitors, we have synthesized the 
peptide biotin-SEVKMDAEFdC which contains the 
amino acids flanking the N-terminal cleavage site of 
BAP. Tritiated NEM is covalently bound to the cysteine 
at' the carboxy^terminal end and the labeled peptide is 
purified by reverse-phase high-performance liquid 
chromatography. Following digestion of 3 H-NEM-la- 
beied peptide by cathepsin G, the biotinylated side of. 
the cleaved peptide is bound to the SPA bead, while the 
. tritiated end of the cleaved peptide remains in solution. 
Enzymatic hydrolysis is measured as the loss of 8 H-in- 
duced scintillation signal. This method has allowed us 
to rapidly determine kinetic constants and develop a 
high throughput screen to study inhibition of cathepsin 



1 To whom correspondence should he addressed. Fax: (914) 732- 
5537. 



G cleavage in a native peptide context. © 1994 Academic 

Press, Eoe. 



The 0-amyloid protein (BAP) 2 is a proteolytic cleav- 
age product of the amyloid precursor protein (APP) (1) 
that accumulates at high levels in the brains of Alz- 
heimer's disease (AD) patients (2-4). Cleavage of APP 
within its BAP domain by the enzyme "secretase" (5,6) 
releases a soluble ammo-terminal (N-tenninal) APP 
fragment (7,8) which is identical to protease nexin 2 (9) 
and precludes the formation of BAP (10,11). Very little 
information is available about the identity of the endoge- 
nous enzymes involved in generating BAP. The use of 
peptide and modified reporter substrates for assaying 
protease activity has led to the proposal of various can- 
didate enzymes as responsible for the N-terminal pro- 
teolytic cleavage of BAP (i2-16) from APP. 

A number of. technical approaches have been em- 
ployed to measure these and other proteolytic activities- 
One is the use of peptide substrates which contain a 
chromogenic or fluorogenic group attached to the car- 
boxy-terminal (C-terminal) end of the peptide. Upon 
enzymatic cleavage this group is released into solution 
(13,15) and subsequently measuredby spectrophotomet- 
ric or fluorometric techniques. Another approach relies 
on the use of radiolabeled substrates which are separa- 
ble from the resulting products by selective precipita- 
tion (17-19). Enzymatic activity is detected by measur- 
ing the amount of radiolabeled peptides released into 



* Abbreviations used: BAP, 0-amyloid protein; APP, amyloid pre- 
cursor protein; AD, Alzheimer's disease; HPLC, high-performance 
liquid chromatography; SPA, scintillation proximity assay; *H-NEM, 
N-[et/xyi-l,2-^maleiinide; TFA, trifluoroacetdc acid; RT, room tem- 
perature; ACT, a- 1 -antichymo trypsin; PITC, phenylisothiocyanate. 
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FIG. 1. Amino-terminai enzymatic activities associated with 0- 
amyloid peptide (BAP). (A) The putative cleavage site for N-terminal 
BAP cleaving activity is between the methionine and aspartate (first 
amino acid of BAP) and is indicated by an arrow. The solid line indi- 
cates the 42-amino acid sequence of BAP. The dashed line indicates 
the amino acid sequence flanking the N-terminal cleavage site of 
BAP. (B) Tritiated or unlabeled W-ethyknaleimide reacts with the 
C-terminal cysteine amino acid. (C) Schematic illustration of the 
scintillation proximity assay. Upon binding of biotin-SEVKM- 
DAEFdC pH-NEM) to streptavidin, the fluoresce! integrated into 
the SPA beads is placed in close enough proximity to the radiolabeled 
carboxy terminus to emit 0-energy. Once the peptide is cleaved by 



the supernatant. Variants of this assay rely on the reso- 
lution of substrate from product either by thin-layer 
chromatography (20) or high-performance liquid chro- 
matography (HPLC) (16,21). Enzymatic activity is 
measured as substrate loss or product formation. 

An HPLC assay to characterize the enzymatic profile 
of various enzymes for the substrate SEVKMDAEF, a 
peptide which encompasses the N-terminal cleavage 
site of BAP, has heen developed (16). However, the 
HPLC method is time consuming, labor intensive, and 
incompatible with high throughput screening of pro- 
tease inhibitors. We have therefore developed an alter- 
nate approach to the HPLC method which utilizes modi- 
fication^ of two existing procedures- One approach 
places the cleavage site within a^peptide which contains 
an N-terminal biotinyl group and a radioiodinated 
group (22) or a fluorescein group (23) at the carboxy 
terminus. Avidin permits the selective retrieval of 
cleaved and uncleaved biotinylated substrate and the 
enzymatic activity is measured as a function of released 
label into solution. Both iodination and fluorescein 
methods require the separation of product from sub- 
strate before the detection step. 

Another approach, the scintillation proximity assay 
(SPA), does not require separation before detection and 
has been used extensively for receptor binding assays 
(24,25). In this paper we demonstrate the utility of SPA 
in a protease/inhibitor assay. The rationale for the as- 
say is depicted in Fig. 1C. Biotinylated peptide is bound 
to SPA beads which are coated with streptavidin and 
contain a core of scintillant. The scintillant only emits 
photons when low-energy 0-emitters such as 3 H are in 
close proximity (i.e., bound) to the bead. However, when 
a protease cleaves the substrate peptide, the radiola- 
beled end of the peptide is liberated from the biotin end 
and is dissipated into the solvent. Inhibition of this pro- 
teolysis will result in maintaining the radioactive . 
moiety in close proximity to the scintillant and allowing 
the ^-emission to be detected. Previous protocols called 
for the use of m I as the p source (22). However, the 
harsh conditions required for incorporation of iodine 
into tyrosine often result in oxidation of the biotin 
moiety. 

We have therefore combined the positive attributes 
from each of these systems to develop a strategy which 
can be used for screening inhibitors of cathepsin G. This 
strategy uses a modified biotinylated and tritiated N- 
[<#^-l,2-^]maleimide ( 3 H-NEM)-labeled peptide 
and relies on binding of the biotin-containing substrates 
and products by SPA beads. This assay can be per- 
formed in a single tube, since the separation of bound 



cathepsin G, the energy emitted from the labeled carboxy terminus is 
dissipated to the buffer and the fluorescer is not activated 
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FIG. 2. HPLC separation of biotin-SE VKMD AEFdC from biotm-SEVKMD AEFdC [NEM]. (A) Bio tin- SEVKMD AEFdC (peak 1) has a 
retention time of 24.5 min. (B) Forty micrograms of biotin-SEVKMDAEFdC (peak 1; retention time, 24.5 min) is reacted with 80 nrool of 
NEM (peak 2; retention time, 13.5 min). Biotin-SEVKMDAEFdQ [NEM] (peak 3) has a retention time of 27 min. (C) Electrospray mass 
spectrometry of biotin-SEVKMDAEF dC [NEM] (peak 3). (D) Incubation of 5 Atg biotin-SEVKMDAEPdC [NEM) (peak 3) with 0.4 jeM 
cathepsin G for 15 min at 37°C results in the formation of biotin-SEVKM (peak 4) and D AEFdC [NEM] (peak 5). 
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and unbound tracer is not necessary. It also uses a low- 
energy radioactive label which is stable and eliminates 
the danger of high-energy y- and ^-emission from m I or 
**P, ehminates oxidization of amino acids within the 
substrate peptide, and is highly sensitive, accurate, re- 
producible, and compatible with the requirements for 
large-scale random screening of protease inhibitors. 

MATERIALS AND METHODS 
Peptide Labeling 

Biotin-SEVKMDAEFdC (7.6 nmol; Penisula Labs, 
Belmont, CA) was labeled with 0.25 mCi of 4414 Ci/ 
mmol [ 3 H]NBM (New England Nuclear, Boston, MA) 
or 80 nmol NEM (Pierce, Rockford, IL). Nonradioactive 
NEM was reacted with biotin-SEVKMDAEFdC pep- 
tide in order to determine the retention time of biotin- 
SEVKMDAEFdC [NEM]. The procedure was as fol- 
lows: 10 pg of biotin-SE VKMDAEFdC peptide in 40 pi 
of 200 mM 2-(iV-morpholino)ethanesulfonic acid (Mes) 
buffer, pH 6.0, was added to 8Q nmol NEM in 40 pi Mes, 
pH 6.0. After 1 h the unreacted peptide and NEM were 
separated from biotin-SE VKMDAEFdC [NEM] by re- 
verse-phase HPLC on a C-18, 3.9 X 150-mm Delta Pak 
column (Waters, Milford, MA). HPLC was performed 
on a Waters 840 system, equipped with" a Model 712 
WISP and two 510 HPLC pumps. A Lamda 490 spectro- 
photometer (Waters) was used to monitor uv absor- 
bance at 214 nm. Separation of substrate from product 
was performed using a 50-min, 0-60% acetonitrile in 
0.1% trifluoroacetic acid (TFA), linear gradient. The pu- 
rified labeled peptide was stored at 4°C and is stable for 
at least 6 weeks. 

Binding of Biotinylated Peptide to SPA Beads 

Biotin-SEVKMDAEFdC [ 3 H-NEM], cleaved biotin- 
SEVKMDAEFdC [ 8 H-NEM], or biotin-[ 3 H] (Amer- 
sham, Arlington Heights, IL) in a total volume of 90 pi 
of 10 mM phosphate buffer, pH 6.0, was added to 10 pi of 
a solution containing 0.25 pi of SPA beads (Amersham) 
in phosphate-buffered saline (PBS), pH 7.4, and incu- 
bated for 20 min. ^-Emission of bound peptide was de- 
termined by scintillation counting (Beckman A-LS 
3801). ■ . 

Enzymatic Cleavage of Biotin-SEVKMDAEFdC 
[ S H-NEM] by Cathepsin G 

The 50-pl total reaction mixture contained 30 pi of 10 
mM phosphate buffer, pH 6.0, and labeled peptide (4000 
cpm or 2 ng peptide) diluted in 10 pi of 10 mM phosphate 
buffer, pH 6.0, Ten microliters of 68 nM (final concen- 
tration) cathepsin G (Athens Research, Athens, GA) 
was added to the peptide mixture and the reaction was 
incubated at room temperature (RT). The reaction was 



stopped by the addition of SPA beads in phosphate-buf- 
fered saline, pH 7.4.;.We have found that once the sub- 
strate is bound to the SPA beads it can no longer be 
cleaved by cathepsin G. j8-Emission of bound peptide 
was determined by scintillation counting (Beckman A- 
LS3801). 

For determination of K m and value's, the rate of 
hydrolysis of biotin^E VKMDAEFdC . [ 3 H-NEM] (26 
nM) and unlabeled SEVKMDAEF (1-113 pM) was mea- 
sured by adding 68 nM cathepsin G (final concentration) 
to a final volume of 50 pi of 10 mM phosphate buffer, pH 
6.0. The kinetic constants are then extracted from the 
Lineweaver-Burke plot of the data (26). All assays were 
performed at RT unless otherwise indicated. 

HPLC Analysis of the Digestion of HSEVKMDAEF, 
SEVKMDAEF, and Biotin-SEVKMDAEFdC 
by Cathepsin G 

HSEVKMDAEF and SEVKMDAEF were synthe- 
sized by the Department of Protein Chemistry at Le- 
derle Laboratories (American Cyanamid Company, 
Pearl River, NY) and the purity and amino acid compo- 
sition of the peptide was confirmed by electrospray ioni- 
zation mass spectrometry as described (27). For determi- 
nation of K m and K^ values, the rate of hydrolysis of 
HSEVKMDAEF was measured by adding 0.4 pM cath- 
epsin G (final concentration) tb 25-750 pM substrate in 
10 mM Tris-HCl, pH 6.2, at 37°C. Substrates and prod- 
ucts were then measured by reverse-phase HPLC for 
various incubation periods over a range of substrate 
concentrations. HPLC was performed using a 50-min, 0 
to 50% acetonitrile in 0.1% TFA, 'linear gradient and 
identified either by comparing their retention times 
with authentic peptide standards and/or analyzing the 
collected peaks by amino acid sequencing. The kinetic 
constants were extracted as above (26). 

For comparison of cleavage activity of SEVKMDAEF 
and biotin-SE VKMDAEFdC, 100 pU of each substrate 
was incubated for indicated times at 37°C with either 
0.2 or 0.4 pM cathepsin G. The mixture of substrate arid 
digestion products were analyzed by HPLC. Cleavage 
was measured as loss of substrate. 

When a-l-antichymotrypsin (ACT) (Athens Re- 
search and Technology, Athens, GA) was used as an 
inhibitor, it was preincubated with enzyme in a 30-pl 
volume for 10 min at RT followed by addition of peptide. 

Amino Acid Analysis and Mass Spectrometry of 
Cleavage Products 

Product peaks were separated by reverse-phase 
HPLC, collected, and lyophilized. The amino acid analy- 
sis was performed as previously described (28) using a 
Pico Tag work station (Water Associates, Milford, MA) 
which employs phenylisothiocyanate (PITC) derivatiza- 
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FIG. 3. Comparison of cleavage activity of biotm-SE VKMDAEFdC and SEVKMDAEF for the enzyme cathepsin G. The rate of hydrolysis 
of (V) hiotin-SEVKMDAEFdC and (T) SEVKMDAEF was measured by adding a final concentration of (A) 0.4 or (B) 0.2 /iM cathepsin G to 
100 ftM. substrate in 10 mM phosphate, pH 6.0, at 37°C. Reverse-phase HPLC was performed using a linear gradient of 0 to 50% acetonitrile in 
0.1% TFA for 50 min. 



tion of amino acids. Peaks fractions for electrospray 
ionization mass spectrometry were analyzed on a 
SCDEX (Thornhill, Ontario, CAN), API III triple qua- 
drupole mass spectrometer equipped with a pneumati- 
cally assisted electrospray ionization source as de- 
scribed (27). 

RESULTS , 

Labeling Biotin-SEVKMDAEFdC with 
N-Bthyhnaleimide 

Biotin-SEVKMDAEFdC used in these studies con- 
tains the putative cleavage site between the methionine 



(Met) and the first aspartate (Asp) residue of BAP (Fig. 
1A). The cysteine addition allows for radiolabeling of 
the substrate with 3 H-NEM via the sulfhydryl group 
(Fig. IB) while the D-isomer of cysteine is used to retard 
exopeptidase degradation at the c-terminus of the pep- 
tide (Figs. IB and 1C). The separation of biotin- 
SEVKMDAEFdC [NEM] peptide from free NEM is de- 
picted in Fig. 2. HPLC analysis reveals that NEM has a 
retention time of 13.5 min (Fig. 2B, peak 2); unlabeled 
peptide, ,24.5. min (Fig. 2A, peak 1); arid the NEM ad- 
duct, 27 min (Fig. 2B ( peak 3). The peak at 27 ttri t) (Fig» 
2B, peak 3) was collected and analyzed by electrospray 
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phosphate-buffered saline, pH7.4, and incubated for 20 man. ^ ^ *™ Deads m 



ionization . mass spectrometry (Pig. 2C) to confirm the 
presence of biotm-SEVKMDAEFdC [NEM] (M -h 1 of 
1509.63) and absence of unreacted peptide, biotin- 
SEVKMDAEFdC (M + 1 of 1383.89). The 27-min re- 
tention time was then used as standard to isolate the 
radiolabeled biotin-SEVKMDAEFdC [ 3 H-NEMJ. 



Cleavage of Labeled Peptide by. Cathepsin G 

We have previously shown that when HSEVKM- 
DAEP is digested at pH 6.2 with cathepsin G, 70% of the 
products formed are the result of Met/Asp (M/D) cleav- 
age (16). Biotin-SEVKMDAEFdC [NEM] is also sus- 
ceptible to M/D cleavage by cathepsin a Peptides iso- 
lated by the HPLC as peaks 4 and 5 (Fig. 2D) were 
analyzed by PITC amino acid analysis. These results 
indicate that peak 4 is SEVKM and peak 5 is DAEFdC, 
confirming a cleavage between M/D of the substrate! 
There is also some cleavage between K/M at basic pH, 
but the predominant cleavage (>50%) is M/D at pH 6.2 
and below. Thus the addition of cysteine and biotin to 
the ends of the peptide does not significantly alter its 
pH-dependent cleavage specificity of cathepsin G (16), 
The similarity of biotin- andcysteine-containing sub- 
strates to peptides containing native sequences is more 
clearly shown in Fig. 3. Biotin-SEVKMDAEFdC and 
SEVKMDAEF (100 ^m) were digested with 0.2 and 0.4 
VM of cathepsin G for the times indicated and product 
formation was analyzed by HPLC, fioth substrates dis- 
play similar digestion kinetics at both input concentra- 
tions of enzyme. 



Specific^ Binding of Biotinylated Peptide to Scintillation 
Proximity Assay Beads 

The biotin modification at the amino terminus pro- 
vides a hgand for binding of the peptide to a streptavi- 
din-coated SPA bead. Biotin-SEVKMDAEFdC [ 3 H- 
NEM] binds to the SPA beads with a maximum binding 
of 1.0 pmol peptide/0.25 /d beads (Fig. 4). Binding is 
very similar to that of biotin-^] which is 1.42 pmol/ 
0.25 id beads, indicating that biotinylated peptide has 
the same access to the resin as free biotin. The reaction 
is specific since biotin can displace 100% of the biotin- 
SEVKMDAEFdC [*H-NEM] from the SPA beads (data 
not shown): 

The rate of hydrolysis of biotin-SEVKMDAEFdC 
[ 3 H-NEMJ (26 nM) and urdabeled SEVKMDAEF (10 
was measured by adding 68 nM cathepsin G (final 
concentration) to a final volume of 50 /d 10 mM phos- 
phate buffer, pH 6.0, and incubated for 10 rnin at RT. 
Using these conditions the assay is reproducible (in- 
traassay variability ± 5.0%, interassay variability ± 
8.4%), and is linear with time (Fig. 5A), enzyme concen- 
tration (Fig. 5B), and substrate concentration (Fig. 6). 
As cathepsin G is increased, the maximum enzyme con- 
centration to observe linearity of cleavage is 200 nM 
(Fig. 5B). The assay is also linear with increasing sub- 
strate concentrations and has a K m of 72 /xM and a of 
0.36 (Table 1, Fig. 6). Kinetic analysis was performed 
using a Lineweaver-Burke plot of the reciprocal of the , 
rate of product formed against the reciprocal of the ini- 
tial substrate. As expected, when comparing the HPLC 
and SPA assays, the K m and for both assays are 
similar (Table 1), 
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FIG. 5* Enzymatic cleavage of biotin-SEVKMDAEFdC j/U-NBM] by cathepsin G. (A) Cathepsin G (68 nM) was incubated with biotin- 
SEVKMDAEFdC pH-NEMJ (26 nM) plus SBVKMDAEF (10 /im) at various time points. (O) Hollow and (#) filled circles represent separate 
experiments. The line is a best fit to an exponential rise. (B) Cathepsin G (0 to 400 nM) was added to biotin-SEVKMDAEFdC pH-NEM] (26 
nM) plus SEVKMDAEF (10 fiM) in 50 *J of 10 mM phosphate buffer, pH 6.0, and incubated for 10 rain at RT. Hie line is a linear regression fit to 
the first eight points. 



. ACT, a specific serine protease inhibitor and an inte- 
gral component of neuritic plaques in Down's syndrome 
and AD (29), is a potent inhibitor of cathepsin G in the 
HPLC assay (16). We now demonstrate that ACT also 
inhibits cathepsin G as measured by the SPA assay. En- 
zyme was preincubated for 10 min with ACT prior to 
addition of biotin^EVKMDAEFdC f>H-NEM] and an 
K t value of 61 nM (Table 1) was obtained The K t of the 
HPLC assay (82 nM) is slightly higher when compared 
to that of the SPA assay (61 nM). 

DISCUSSION 

We have developed a general radiometric assay for 
studying the proteolytic activities of endopeptidases us- 



ing a tritiated-biotinylated peptide. The method relies 
on the use of apeptidyl substrate incorporating suscepti- 
ble bonds located between a biotinyl group at one end 
and a radiolabeled NEM group at the other. The pres- 
ence of the biotin moiety on the N-terminal end of the 
substrate allows the intact peptide and/or N-terminal 
portion of the cleaved peptide product to be retrieved by 
streptavidin-coated scintillation proximity assay beads. 
If the a H label remains on the captured peptide, the 
weak j8 particles emitted by the 3 H will excite the scintil- 
lant contained within the bead. Enzymatic activity is 
measured by the release into solution of the radiola- 
beled C-terminal peptide fragment which reduces pho- 
ton emission and scintillation counts. SPA beads are 
preferable to streptavidin plates since the former 
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FIG. 6. Lineweaver-Burk plot of reciprocal rate against reciprocal 
substrate concentration. For determination ofi^ and values, the 
rate of hydrolysis ofbiotin-SEVKMDAEFdC pH-NEM] (26 nM) and 
unlabeled SEVKMDAEF (1-113 mm) was measured by adding 68 nM 
cathepsin G (final concentration) to a final volume of 50 10 mM 
phosphate buffer, pH 6.6, at RT. The line is a linear regression fit to 
the data. 



method does not require washing, to remove 3 H from 
solution and eliminates the need for scintillation fluid 
The present study demonstrates the usefulness of ra- 
diolabeling an amino terminal biotiiiyl peptide via addi- 
tion of cysteine at its c-terminus. Free C -terminal thiol 
can be labeled with ^-NEM, fluorescein, or rhodamine 
using nonoxidiaring conditions, and then t*he peptide can 
be detected by scintillation, fluorescence, coloriometric, 
or antibody techniques. The feasibility of the fluores- 
cein approach has actually been tested for the identifi- 
cation of HIV-1 protease inhibitors (23). Fluorescein 
was covalently linked to' a lysine rather than a cysteine 
at the C-terminal end of the molecule. The use of link- 
age through lysine was not compatible with our sub- 
strate since there is a lysine within the cleavage site of 
the peptide which is critical for enzyme/substrate 
binding. 

Another approach by Basak et al (22) also involves a 
peptide substrate which contains a biotin moiety on one 
side of the cleavage site, but tyrosine instead of a cys- 
teine is added at the C-terminal end to allow for the 
radioiodination of the substrate. Our initial attempts to 
radiolabel our peptide through a C-terminal tyrosine 
using any of the common iodination procedures, namely 
chloromine-T, lactoperoxidase, or iodo-beads (Pierce) 
led to two major problems. First, vigorous iodination of 
the biotinylated peptide results in the complete loss of 
the avidin binding property (data not shown), similar to 
Green (30), who also found a much decreased affinity of 
the biotin function toward avidin. This may be due to 
the oxidation of the biotinyl sulfur atom to its sulfoxide 
and sulforie forms (31). Second, the iodination proce- 



dure results in oxidation of Met and we find that ca- 
thepsin G is unable to cleave oxidized SEVKMDAEF 
(data not shown). 

Selection of the target sequence, the size of the pep- 
tide, and the spacer arm linking the biotin function to 
the cleavage site are among the many parameters which 
can influence cleavage specificity. Sequence analysis of 
both cerebrospinal fluid and conditioned media of cells 
expressing APP (32-34), as well as cerebrovascular 
BAP from AD or Down's syndrome brain (2) all indicate 
that the cleavage responsible for the formation of the 
free N-terminus of BAP from APP occurs most likely 
between the Met and Asp residue (codon 671/672 of the 
APP751 transcript). Therefore we have used the resi- 
dues flanking this cleavage site as our substrate peptide. 
The 10-amino acid peptide, biotin-SEVKMDAEFdC 
was selected on the basis of the following consider- 
ations. First the peptide flanks the BAP region and we 
know from other studies that it is cleaved between M/D 
by chymotrypsin-like serine proteases (12,16). Second, 
the minimum peptide requirement for 50% cleavage ac- 
tivity at the M/D site is the 6 mer VKMDAE (R G. 
Dushin and J. Sonnenberg-Reines, unpublished data). 
We chose to elongate the peptide to SEVKMDAEF so 
that the biotinand the cysteine moiety are spaced far 
apart from the cleavage site, thereby limiting restric- 
tions of enzyme/substrate binding. Third, addition of 
the biotin on the N-terminus during solid-phase synthe- 



TABLE 1 

Comparison of Kinetic Properties of Biotin-SEVKM- 
DAEFdC [ 3 H-NEM] and HSEVKMDAEF Digested with. 
Cathepsin G using the SPA and HPLC Assays 





Enzyme 








Assay 


(nM) 


im) 


(s- 1 ) 


(nM) 


HPLC 


400 


85±12° 


0.21 ± 0.01° 


82 ± r 


SPA 


' 68 


72 ± e> 


0.30 ± 0.04* 


61 ±11' 



Note. Values are means ± SEM 

0 For determination of K m and K^ t values, the rate of hydrolysis of 
HSEVKMDAEF was measured by adding a final concentration of 0.4 
MM cathepsin G to 25-750 /iM substrate in 10 mM Tris, pH 6.2, at 
37°C. Reverse-phase HPLC was performed using a linear gradient of 
0 to 50% acetonitrile in 0.1% TFA in 50 min. 

* For determination of K m and values, the rate of hydrolysis of 
biotin-SEVKMDAEFdC fH-NEM] (26 nM) and unlabeled 
SEVKMDAEF (1-113 mm) was measured by adding a final 
concentration of 0.068 /tM cathepsin G to a final volume of 50 /U of 10 
mM phosphate buffer, pH 6.0, at RT. 

e Enzyme was preincubated with inhibitor for 10 min at KT prior to 
the addition of HSEVKMDAEF (100 mm). Samples were incubated at 
37°C for 15 nun in 10 mM Tris, pH 6.2. 

6 Enzyme was preincubated with inhibitor for 10 min at RT prior to 
the addition of biotin-SEVKMDAEFdC pH-NEM] (26 nM) and 
unlabeled SEVKMDAEF (10 mm). Samples were incubated at RT for 
10 min in 10 mM phosphate, pH 6.0. 
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sis eliminates the need to biotinylate the peptide follow- 
ing labeling. Moreover, biotinylation via nucleophilic 
displacement may result in modification of the internal 
lysine which is close to the active site and may be needed 
for peptide/enzyme binding. 

Since this assay is used as a high throughput screen, 
cost effectiveness is of major concern. As SPA beads are 
the costliest reagent in the assay, their input has been 
reduced to 0.5 /d/sample, allowing for 10,000 assays per 
kit, and radiolabeled peptide has been kept at a mini- 
mum (26 nM). Since the radiolabeled peptide (26 nM) is 
well below the (Table 1, Fig, 6) of the reaction, addi- 
tional SE\HKMDAEF substrate was added to the reac- 
tion. SEVKMDAEF is a nonbiotinylated substrate 
which is digested with kinetics comparable to those of 
the radiolabeled peptide (fig. 3). The ratio of substrate 
to enzyma is now increased by 75-fold and has the ad- 
vantage of decreasing the cost of the labeled peptide and 
the amount of SPA beads necessary to bind the biotin 
peptide* 

The results of the assay are quite comparable to those 
of the HPLC previously described (16). We have used 
the SPA assay initially to verify a known inhibitor of 
cathepsin G (i.e., ACT) and will now be screening for 
other inhibitors of this enzymatic activity. Although spe- 
cifically used here for an enzyme which jcleaves at the 
N-terrninus of BAP, this type of labeled peptide sub- 
strate is readily applied to the detection of other endo- 
protease activities, as well as inhibitors of these activi- 
ties. 
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■ ration aridiiSs^piatfoiri of ;S6c1 ftjroni : &0jh^^^ii in .theAb^n^'- 
:■: of ARC; Furietfch;;;|. : |: • • • ■■■W : :: :^P-? '-^ % •••Si--- ■ V .•" £3/^ --^i: 



was 1 to; 0.4 ih ii^muno^cipi^eB propi^^ 
l^letf<^fl$/w^^ 

soluble ;Pfb1p bound to ^pl p. yfe. = : 0^fMIjnrne*S. 
ag^Q&tiori tetweeh Espiip and Pdsi p using a strairt 
exi>rB|$$in§ Esp1rnyciBp : and^ r^sir^ej^ |^ 

t^mycJmmiinQSi; 
y.twth 



;|^r£j^ 

'" raccumus 
pejls:of^ 

•trie : te1mper^ mitbtip: : 



riji; cy toldrieir 

sis^ ; and ; genome; re 

• : ; Suraria et : al ? v 19?^ Jo; investigate w^ p Is;- 

■ . h eeded for .sister: sepairation I we combed the Kinetic^ 
;of;sis^ 

with &ici&2 single mufcante (i:e.;^ild 
dedi ^l ceils 
3^0; T7)is shW 



ur^tari^ 
tivefe 

telomere tpf p not shown^^;-r : 



; thm that; phehbtype; waa;corih 

fintt 

which show^ 

nucleus at the time when disjunction shou ii3 : have: op-: : 
cur^:(d^ 

espif-t mutanticjenjs not diue tarct^ 

:Bub:;m 

point) because neitter madgA* 
doufele^^ 

;:thah espf- 7 ; $lhgie : ; mutOT^ ;(data' not shpwri);;$ ; 

:Ftos1p:De^^ 

' ih"'ifr^ ; ; .ryiutant3 • \ : 

0ne- ^explanation for : 'trte "lack or sister ; separation Ini |: ; 
e^if-l : m 

therefore u feorn^j 

:-pa!^ 

[ jPdsli pnpt^ih /as-ytfjd^ /celts/ isp4: ; v 

: lated:; by c^ntrifugai elutriatloh ^fr iribubked : at ; : 3^f C. ^ 
ipctetpdtea^^ 



;' (B):,^'rbrnbiso w breads of;'^$^en-^ 3*5 ; mini iPflA-^W^ 

byii^ireot jrnm'unphvP^c^^ : ' : 
;; that delay in. ^ hy jibs of gcjsl p : is : .[3a^:;:;:; 
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: Figure. ^.ii-Pdsl p fpnwia .^ri^ex^wHah; '^pi i> : " ; 
J^'&fa^ W)a prpteft with Pds1 ^Control 

• ' cells;; (np : .ta^:aiid ceils- cb^iitfng}^ ^APGSi, '■ 

■ and cyst^riiB: ; Protetn ■' 
: ^tibpdy spepiflp f 6r the ;mye! w^; sepa-- ': 

ana, marked a&fe^s^ p180 by n^p^iecp^^yx^-l. 

potyacrylahridB gel followed tiy; silver stainliitgi : V 

ln-igelii dig^tloh :of the 180 .kite : band : tr^in.' tihe '^pec^m 
/ ipn:*c&i m^e^lch d^^; poptidd ions 

prefe(jHt:iiifyery kwamouhts ty:^ 

for; peptides tiirt - not for the back^ourid ^ (wiirri et ai j ; 1 996a^ lora ; 

tn ?t V!*!* :uppn colllsfprial fragmentation, daughter ; 
ions wfth [i-tnasa- to charge iratfb (rn/z) of : | 86 j the jmmoniurn ions of 
: leucine .; arid ; iseleucine. Tandern mass spectra wem e^.ired . upon 

■ frajhieir^ "P&kfW^^ ■ : 
, a^blysrs pr^uc^ (^;pepiade3 frbrnVhurhan^ ^rhmbn : 

fm&rh^$:^ 

:• :{^;;Ta^m-:rn^s :^pi^b^ ; of the idoubjy; charged ton -^^at rt\/z..', 
:^6n3.cpntaJnIhg^ 

■■' p'ej>title(^ arc$ni;biei frpm-; { 

; •fbr;;ciateba&;^ Mingle rn*jrtojv^ ' ) 



wfthln ™<SteK^ 

ce^wito^jn^^ B/Cdkl kiriases and 

in the APC- mediated proteolysis of either CI b2p (Surana 



;Ji;a^;ftt^^ 

?f test ^^^16iMl 

defect;:;'" 

Sister Chromatid in e^7-| 
Mutants Depends :!pn;!i^ci p.|-'|:; : ': : : 

hesiori in es^>7^ 7 mutants depends bri Spcl p, we cprh^ 

sister; cHrp ; 
sbmes In iswsp f-t mutants, we reputed the exj^rro ; 
| .fisj^l&n.J. Sbb.1 rhycl Bp and (^rpiTiatin j using; c hrornOr 

ated wrth ch^ di33pp[at^i 

following 

mulated W 

;fl.a;jpain9d;^ 

■ Cy3: (the marker for Seel rnycl 8jp j (r^Ure ; 5Q 
resjij|tsi^ 

' vy ith;.slx'j: : hiA : ; i&'jpitppes " (data not shown). We conclude 
tiiat Esjp1 p» is ; required ; for both sister ^eparatidh and 
dissociation of Scci p fro m chrbrhatin. 

Espi p Lpcalizi^ toi Spin 
at the Onset of ; Ar^phase : ; 

yye m^hl^ th^ Endogenous ES^t gerie to onepde a 5 
functipr^aj: fusion protein ^ 1 8 myc epitopes at its 
C t^r^n^ 



; :VILLNIK^;was if^ 
;,:T1)r^:ot^'Esp1 peptWes wi^ 

^the;iw^npmin^ 
;;bya^;e^ 

prwee^bya^ {Kor R)fhthe j^plp$9qu^hce« .; 

V: (p) i.Opjmmuno p with ; Espi R. : Wiid*type arid,! ■:' = 
'^^A^rfinVco 

::af :26^)C' 'and i^.;^ffted :^;i^p : : for :;^.;h'r.:^f^"te^v^ ; w«re : |;: 
:;!subje^od:;;tb ^ 

:ifpiii^li^ 

;irnmtwpi^^g.v^ 

.; "ephop^^e^alliSblirt^'r^^ or : ^SiPf j; ioV ^ 

■ cus;::~^;vylld^^ ;|; ; ':;.;::!;. ;^ - .■;:;;;;:: . ^tf^::^ 




fcuds! 




the DNA mass toiocaftiQti Wjtft tuWM at i^indliepof^i 




ihe nucleus:: 



en.^O OS. fN.moo^rri:;. 

iiimcitminj: 



biiJs; 

the nucleus 
time [mini,: '■• 
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Rgure 4- Is Required for Sister Ghronr>at>d SdjparattoO but Not 
:":for- Degradation of . Pdii p 

: G1: <»!l3 Of ail ^f-i:<^15^^n <»nitafrar^ cefiV-GF;P (K71 83) : 
iwere incubated at 37 l, p. The OJt>rrtiia.l i. iob^eHmreri t , witfi an JSS/^f 

: :;f^7^2: 

pirei^lfl-^ IcenV-GFP w«r« incubated at 37°C. Pdsl mycl 8 ; 
;:pr^fa:;v^ 
■ comf^eteiyil 

. rt^aifve.;: ; ; . . ^ . I ; . ; ■';■_;: . ; '.. ;;; . :.- . ■■ ;•.:•. 

■:= the pel} during dl ii 3 G^ : : ^id-';e^ : :iyi: pl^esibiit was | 

cohe^ntrate 
: Esjpl myci 8p-S;;ab^^ 

the cell cycle (data not-^^^ 



of trie P MA mass. Such nuclei frequ erftly also contained 



major foci. We never deteded association between 
; Esjol p : imd : :bulk ; Mpst\if^^ ^Ite ^Ith : 



iinipiyiria^ 

• Esi>1 p-s^irfib dote vire^;^nln^b^5- 1 mui^nts, yfhlch |: 
I separate : slst^iF:.thr6m :&o>- corhp^ :; : 



was Visible (F(gure 6A). Thesis data suggest that Esp1 p 



;:#ed^ 



(GoharKlKilm 

; r^ses th© |^ might prompt^ • 

tiorv by mipclul^ 



on = functional klneitoc*ore^ : mi isolated by cehtiifu^J 

ilutriatipn:;G^ 

them m ;37?Oi lrv c£n tr^ 

mutant^; though rt - was slight jy:;d^ 

to the: lack: of : kinetbehore activity - (Figured 

separation jh ricte 10-1 mutariti cells ey en pecured iri ttie 

; presence; of nocod^ole (data not shown) as ; occurs Iii ■■; 

^ /riao*:6r but) rhuiants (Straight fet ■ ai., 1 9:9^ ^g^ting 

: that ndc 1 ^ t mutarife j eure defective iri th^: si^i^ll^ce : : 

infiwihariis^ that d^6ct& spindle: 

ianapr^eib^ 

sion in ntic10- t m^ 

nticiW 6cnM& mirt^ts (Figure 6^. Espi p pie^ly pircn 



spindles: 1 



Separation in the; Pi^i^ce:; of Pds^ 

i^e >^ ^?ter separation oh both 

Esjpilp activity; a^ d^rw^ 

EspTp might be % sfeter^sep^ 

ity is:W^ Dp cells 

contain sufficient Pds1 p for sUch a role? Qomp^i^ris:} 



Western - blotting In both cycling cells smd^ 

tarrts 'i^^^M Z^ (datia fit^ sr^wn) sig^ 

from latent tilMts d^r^ction ^ 

Pdsip (Whicti; Is a protein) Is as ^urid|nt ; fe: 

^splip::(^ 

pla$m) r These date ^ is ah excess^df 

•^^ipilpv^rEsjpip 



": o^ljPdstpv^ vylthdurt;: 

Pdsl p destruction,^ pj^^ : ^ir^i 
: ;gf9^ngf : ihjr^ 
•|OTnstKi<^ 




V. ; ;':;;i;;;:/ : /;:4:"vir^ 

;{ : ; : :;^.:::;W(fm^ 




■;. :: : (imfi:(mirij: : 



cenV- 



WT 



espial 




[mirij 
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undivided 

x:.S; : r'Wciei 
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time [roinj 



pgurc 6. Espl p Associates with Spindles and Their Pores during 
: Anaphase but Promote^ Func-: 
itfonail pKtochbres ; : • 

(A) Ghrpm^me sprees 61 M&pimyciaj^ (K*025) M differ- ; 

Iricffrfcctf ir^irnu |«pre3Cfrwd. T^'tpp imiagps, irtucfei before and! 1 ;; 
after j SPB p\tp&c&\6n. Two i>oS6m. tmages! ah^ft&e: nudiS ■ wrtjhi?. 
:' deteki^tei^incircs spanning " the splrKfle : poles. 

tikes piac« ; :in:nelthbr^^ Was no.nefcd \to.uz9^jcdc1S: : 

mutatioh, % ' - : " : : 'y : * •"• ■■■ ■ : "" ' "". ;■ v ' :•; : ; ? : 



;.-:ln iospi .7 1 ;:M'utofite *'""::' * . : 'V. ' ■ ' ' ?' : 

: W • ^Hri^atids separate in 'e^p'if $cchZ3 double mutan ts. 
:i:'SmiairOl; ^JI$oieisi>f{t -(K$842) oriel «sp7-f sccfrT^ 

: , ^^r*9 ; .^tef - operation in wifd-t^e f jjnd .;. w J r79 ■ siraihs.:' have ; ' 

: Small ' Gt • &|»/!bf (K7030) •••• 

•w*r^;fr»^"^!^;ai y&bl Wrt 8fc • ai^I&r&cl •^• ;; chromatir»> : - 



: ^^sepii^nti; are ; defective; : in the ubiquitlnatfon! of 



Jgspl/fe&f ftBgufeilcs Sl&ter Chromatid S^paratioii 



cdc2Q«3 
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: :; Fi9ur8 7. Bl^^ p Levels triggers ; Anaphase in ffie ; Pres-; : 
■iierice of Pc&l p w" : Predicted ,by;^ 

i (Afc Small Gt cells lAOfat«d by • elutiio^ (K7TI0S) or 

cdfe2W QAl-E$&xSi ii^ns ^i^tning PDSIiriyclB and ;i 

cehV-QFP wore incufc^ad =• at : : f n;ithe presence of gatictoseY 

^;A»' pI^tessHow oeib-'atias mimP^ fixed ■ ] 

: ;Wlth;fo\t*^ 

; Pftiels 6n : the : right show ceilat flxod with ct^gi arid processed - tor 
:;i;;aj|^lb^^:to li^ : ^it^ respe^ivieiiy. : §6-; • 



. i^^bsd^ cells ^.nbt's«g|^^1^ . their , 
' genbmei;. wlj&rbas at ibaSt St^'^f^fc^^^.^^ • 
cells did sb yirWiirt 3 for; Orwlbliirp 'tfie' 'tt'Suctiei- 'ol 

;;:<^^ 

^ : absen^ 

Pdst p (Flgum. 7^ v |Thesa ceils aJao c^ntauned : fully : 

••jiga^'c^ 
: ;:g^:|Gl^p : ;^it'^ 



; sl£ter-&jp^^ 



Discussion 



The^iSisa 
^i^fbr rro 

; essary f or : : sister chrpmatici separation, evbn though: ; 
cycling themsel^ not be destroyed. ^Sist^r.:chr0^" I 



uitihatibn by the APC of ; protein^ other; than : : cvctihs; 

chromatids toQet|>eri migh^ be the; ; .key ; i;ApC|tai^^-V 
5cctRi js\ ye^t is Indeed deslr ; 
d^rtihiarther^ but tiie tjmln eyeritt ') sug^fe:tr^t; 
Jt might be a consequence : rather than a ba.i|ise .^ : ;;Hts 
(Association ifrbrn: chircirnb^brn%; Pdsl p is a^ther-;cah- 
didaie;:itli;d 



tipri (C^h'iFix et a[., 1 9*96). iWa have now extended 



fatfbn i^ p^i^, ^c; 3M pdsl&apfr double mutants. 
Our/finding 

to Retard sister sepaiBtipn ; in ■ ■ merits j^ng : jPdsl p | 



by mediatihg destoct rib other brbteih: 

Hpwime^^ 

mu^te;; which fail to dbstrpy Pdsl p,1^e cohesln Scc1 p 
^aihii assbclai^ chrbm^Uds, ^ : sbpw 



ity is tJ^t iPdsip :! directly With bohesins 

prevents fheiir d isispci atioh : :fr6m chrbm^rnes^ If so, 
onemi^^^ 

^rnps befbrelthe onset of anaphase. We have been 
: iihablejhpyve^r^t^ 



ihg techniqueiused succe^slvllyfbrcohesin^ 



:: : (B): From ibie idhd ; pi; ; s ;!phetse " uritif:: the • onset of:: ; ari^osc/ sistir:;"; 
::: ;.^"^ai^-i : iin»: liield : !togJ^?fc life- Socii 'g: ifanyjjiityi 

■;ytime v ^lp;^ 



brpteiiv vyhJcfi; Wa3; »dentift«J by mass i^e<^nieti?o 
sequencing a$ th£ pibduct of the ESPJ g&ie, 

: chmmpsomes. The resemblance between the pheno- 
:, taints Spci p remairto ^ 

:;|:rnain||n| 

: sister, separation ■^c^iirijiie unabated in ''e^-f^teuM^' 
£ wfyM 9X^0 • ^ hdwgp :c^6klne3is-i;^: : ^jplii^e ■ tKefr ^. 
i gen^nieisf^ 

i trasts with the nn^apfe^ ^a^st of ^pc nruL^iBs^^ 

t^opt^ew^ mjj&i^^ 
; p%eryat^ 

ro 

; ; and ithat irt is ri ot directly Cr^uii^ed ;fbr ; &ny trtKar ; ari : 
;•• : phase process;; Becaus^ Pdsfp inhabits 

as?o^ 
■:si^er chrom 
this t^ppthesis, the APG 
iindjra^^ 

; : sisrfei^s^paraHn^ p 
x pr^ictedby ou^ 

thai cannot de^ 

= How might Espl p prompt^ 

cohesion upon its refease froiiri Pdsl p? vye kndw that 
Esptp muatcayse V 
: because it is healed ick th(i& ^s^<ci^oj^| c^lScij'ii pfroirn 
a l^e number g^dme:Weaisp 

absence 6f a^ 
: ; ; microtubules^ because ste^ in ; 

■ ^® 9^'-?°^^9^- The Splitting;! of acentric!: 
^hro^ 

at thjeisiamib time as intact chromosomes Is also consist 
: Iterrtwith ■ Such a;nptton;(U aJfc. 1 
■ ^ ■ 
lat^ <31 until metapha^p. ftis ^ 
; nor excluded from the :^ is ■ ? 

c^hcent^fed wjthlri the nucleus diii^g this peribd (Cot i 
hen-Rx At: the limet^ 

^transition, jEspfp^ ah^a'tiac-; 

their -jpoles, ^ thai- 

latter de^nds on the AP6 and presumably obc^ agi 
a consequence of Pdslp proteolysis. Mora surpri^ 
it ileo depends oh the pncf presence 
little pr hd association of 
: poles ln p<fe 

' on tjj^e WH^h grpv^^ teimp^ture; ' 

which ca^ts doubt; aa^p-i-whe^ ass^tic^Ix 

■^pro^ 

dl^iarid thelrpibtes ^M\r$ ahaf^a^^ 
fif^Esplpm 



cdhesins ajid lacllltate their dis^c^c^ f&rh ciirtimo- i 
; : somes. Altern^^iy, it m 
Indirect m^cnanliBn^ by generating a globaJ change within 
nuclei that Is more dir^tly respw 

:; : ;;;i|:;cdnce^ 
; ;,;.ia^;by 

y- j • Pdsl p;c^ 

: ' : \ 'tlpn-^bccur 1 ^em^ mu^tei which'^ 

^: :: ^$J£tta^ 

: :: ^;^wln9^^iow 

; h^ 
•;:';; : fbr : p^eming^ 

ti&(G.AIa^ cpmmun^ 
: ::yc|ij6n:;is ; tifiat itfj & pu^Kre; ihac^ Vatiph : of Espl ^;by \ the - 

I^hding of ; : Rdis1 "jS" |: ^nhpi tns the only mechanism "for;!. 
V ,: r^uiating^ercH addKion io -its J : 

to oth^r co;ritrpls^ such as phosphpry 
: ! kinases; fppi example £^ ; 
opIyactVeoncep 
the mttppj.^ndl^ffe 

is on© of the most im ceir cyeie; 

and it comes as nb surprise that this event js r^gu^ 

; - b^ 

might merely ^un^ 
: less ^ti jl be xppeneiiv : : 

The iothaiity of pds 1 A mutants at 37^0 is not due to 
: prerhibLire ^aration; of itheir ^ : 

; : ^pds / A lethal ity rnlght be d u# to a redlJCtion in Espl p ^ 
; activity Fir^ # ^Ti^ai ^^latiph With spindl^ iand^: ; 
I 'their p a deletion :of JWSii ■:■ 

:y;Sep^, : p^7A^ .are;in^i^ie; : ./--; 

nmini^ the ^h^ity pf pcfef A -mutants at high ^fh^ieHra^ : ^ 
, : tip^S: ..fit"; ^ji^r^ed by multicopy pJasmids : j^ntaihing 
;>the;'e^r^ 

Byers; ; perspnal cc^mu i nibatipn), Fbujth; pds /A- mu- I 

?:;!^b|^pa!^; 
;-imis> : ugge^;^ 
feplp's^ 

'ampl(^;|sp1 p rnigfifc c^y ; be fully active ^ ; 
: (by thP- A^Jfpm-:^ 

:7 ;; ;.yth.:slddit^ : : ^ntrols-:^^ . ^cjing I t^ells, \' " 

sifter separation is blocked by 
■(check^ 
: A key quest jbn 

'sepan^ion solely by;|>lTCl«n^ theproteplys|6 (rf Pdsl p 

or^h^hertfe 

%srAmu^^ 

;sist^:chrom^ 

PNA br^^m^ iea^ swn^ j 

:sun/ej|lance m regulating ^PC-m^l- 

^ ated. ;protepps^ et al: f 1 01^^§^;- 

^JEspl p\s ^pmol<^qus tpCut1p:trom:5 

;;p^t':ce|i : |yc^^ 

•islargefy:^ acjd^ }'Ji. 



whlbh yrifc ^milariy c^l^ry^d %h pbteptku ; honrjpi^ 
. ftoimtw^ mutants 
manage to separate chromatids at centrom eric regions : 
|M from tech [ 

6jtoer(F^ 

•' . eirtf ^ (y?awa:: : 
■■ ; it" af£ 1p6f jr^^ 99^7^ ' 

i-^dfep^ 

; V ttenis, there; 13 oby I piis $i|j|ui^ 

• ,Pdfe1 p : aridj^^ PpS;/y ; fe; ■ . 

; ^re^OTl(F^ Despite the^ defers 

; enbes, we Suspect that : Glitl p and Cut2p JnS pombe: 
. ^ pinSi c©ne&'- 

yte/ae; 3^ and .;^r1y J^iphatse;; 

; ; ^pi p' s;?gi^T>cii^^ p;npt bn|y; Inhibits E^1p a£tiv-: 

ceil cyde j ^ 

i n^ 

■ ipKKaith&; 

,;• difT^rvre t^ prior association ; Gut2p Is 

notmereiy helpful butactuafly essehlilaJ forbutlp ftinc^'. 
:ti on J Hftl e I ack. of any stri kihg hpmplbciy jbbtweieni Pdsi p 
and Cut2p mayst^m from Jlie f act th^ Pdsi £^cirt2p 
are primarfly inhibitors pfEapt^ 
;don6t^ 

!• pgy of loosening cohesion betw^n; sisters;. Inhibitors 
: of Sipl^e W 

role in ||rpm6ting 3 ptia^; are likewise not highly 'cori'i 

serv^if^ 

■:- p|ex^;!are|rt^ 

Espl arid Cutl -like; prptejhs ■ rnafce it; seem likely that 
^fmaafic^ 
: . p hase in ! hu maris, v 

E^e^m^rrtai_ : Pjrbceduree 
r. y^si'Strtiins and Growth Conditions 

(ypppj. Tpobtafn.^ cells wert^vim inYEPraJf \ 

rnediurn at 25 and smaji,V - : 

arid Nasniyth ; 1 993> r These ceils were trien jinodu fatei into; YEPD , 

; some*:W^e;AH3uaJ jze 
GpFtybfndlng to 

ai, ,1 997,; referred: to a» tcenyrGrjp); Sr $i.th^<BMM1 ;.locus 30 ;kbp; :: : : : 
from the n^hfij^ 

; i;St teirV poi^ ;. ; ;; 

; nirig jtoelCtfe^ £art;oit: \ 
:'&j&|?3ft3 : ;creat^d in; ttortt; : bHho1 '^tB8^]M(;" 
^cqntajjm^ 

: ; ;imo; the " Spel : $lta. :: .Jhe v Vesiimrig;; ^la^fl^^jv^n^: lSHroB^j^J;]w^ : :;jblal-i ; ■ 
;;:&rtd : ;:;ime^^ 



locus. Ihgfi^n^cjft 

$tri9t%in^the :^t<iiW^^ed;verion fcii torsional To' : t&&p&': 
diK* the £5£y gen.e, aV»pla^i&4 r based plasmki was connoted 
that contained ESPf cbding s»qu^nci9>rth t kfc ot its ^UTR Wrtjh ; 
a Hwicjltf Site created the ctartcocfon, to which tjhe iGALi-id 
promoter attached the resulting ptasmtd was ffnearlzed wrth 
BetXl end integrated into the yeast genomCr ■ atljip iti^f loctie^ For 

; ;!rk>Ftiiafty at 3TC r ; - : ;": 

were carried but as described ; (Zachariae at aJ^ ; i996b)/ For 

;;:^l^qrii5?ste 

■ : ceil extract prepared ft^pb$lfr^ ' 
: >■ th^. Pf^EKiure;; crf-;^'^ariae : . et-;«K; (t 9^- : ,T)i^^;!»|i>a, ; C^d;i: wa^i :■• 
kwij^:^^^ 
: ;dfg^edin^ 
;;un&e^etie^ 

. trometrlc 3equer>cing iw; dewribed^ eil^ ' : 'tQ96jbljf Lusinig 'ani : 

: jB^l jim 
: ^tarioy 
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Synthesis <L Multiple Peptides on Piistic Pins 

Scanning protein sequences by bioassay for smaller bioactive peptide sequences ream™ 
a source of many peptides homologous with the parent protek ^enS^Z 
with one of the synthetic methods for making such sets of peptideT^se^irisTl^ 
large numbers (hundreds to thousands) of synthetic peptides m a short 
toe and at nimimal cost ,s to use a parallel synthesis technique which fcefficienTand ca£ 
bedoneonasn^s^ 

wimoutexpensivesynmesizersanditusese^uipmentav^ 

expenence with organic synthesis techniques or peptide chemistry is useM Lt 

e.entialll.eproductsofsynm^ 

small ^e" """" "* ^ be ™ Bd * ™« U« 

Most multipin techniques exploit the conventional 8 x 12 matrix layout of common 

and me test results. Computer assistance with synthesis and data analysis also spSs the 
cycle from designing the experiment through analyzing the results. 

With multipin technology peptides are synthesized in parallel on plastic "pins" (Fig 
18 2.2) to jm . sets of peptides suitable not only for B and T cell epitope scanning but 

£^ fT PCPtideS ^ be dther P ennan ^y bound to tiTsur^e of die 

pla^ic for direct binding assays, or they can be released into solution. There is a chobe 

cL be", STr?^ 6 ^ gS - F ° r solution -P h ^ P^es, the syndesis scS 
can be 1 or 5 Limol (for a 10-mer, ~1 mg or 5 mg, respectively). The preferred 
cou^ing/deprotection chemistry used is the milder 9-fluLnylmemy^xycSS 
(Fmoc) protection scheme rather than the older ^utyloxycarbonyl (r-Boc) protection 

the 

synthetic protocols, and the handling of peptides after synthesis-^leSage, P S 

fe^ ' St ° rage : md (SCe Basic *"*»**>• * is S P^ for l?nZZ 

technique using equipment obtained from Chiron Technologies, although somT of Z 
approaches are applicable to other multiple synthesis techniquTs. Procedmt Zlm^m 

and me manufacturer's literature should be consulted. This unit also includes protocols 
for preparmg Fmoc-arnino acid solutions (see Support Protocol 1) and for aceXme 
(see Support Protocol 2) or biotinylating (see Support Protocol 3) synthesized 

STRATEGIC PLANNING 

? Pr °n t T h ° Se Primaiy StrUCture is me conceptually simplest method of 

luting al the bioactive linear peptide sequences is to make all pokble^ptia^Tubsets 
of toe protein sequence and test them. If only selected parte of me sequence aVe 

use of a set of highly overlappmg peptides hkewise reduces the possibility that the most 

ove2l S X CeS 'T T b6CaUSe ** 316 abS6nt *° m 4116 s * A « 

rlfri f rS ° ffSet i 310 ^ 6 S6qUenCe by 0ne rcsidue at a time capture 
the entire set of, for example, helper T cell epitopes, and this is a much more reliable 

isacompromise between thecost and effortin making andscLnmgallpeptLS 
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need for completeness. Thus, one worker may choose to make all overlapping 8-mers to 
find the linear (continuous) B cell epitopes, and another may make 12-mers offset along 
the sequence by five residues for the same purpose. In each case, all sequences of eight 
residues from the protein are present in at least one peptide, but the latter approach requires 
only one-fifth the number of peptides. 
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decide on type of peptides 
to be made: e.g., noncleavable, 
cleaved, blotinylated, acetylated 
(see Table 18.2.1) 



i 



obtain kit with the required 
pin type and install software 



generate synthesis schedule 

using Pepmaker software 
based on protein sequence or 
individual peptide sequences 



position the required number 
of pins in the pinholder, following 
the information on the 
synthesis schedule 



deprotect the side chains 
of peptides; for the MPS kit, 
cleave the peptides 
from the pins 



Fmoc deprotect the pins 



| (n cycles) 



pipet activated amino acids 
{Support Protocol 1) into the wells 

of the reaction trays and place 
freshly deprotected blocks of pins 
into the appropriate trays; 
incubate 



I 



wash pins 



± 



Fmoc deprotect the pins 



♦ 



wash the peptides, 
either as a precipitate in a tube 
(MPS kit) or still on the pins 
(NCP, GAP, and DKP kits) 



test pin-bound peptides with 
conjugate alone, prior to testing 
with specific antiserum 



♦ 



carry out assays 
with pin-bound peptides 



acetylate (Support Protocol 2) or 
bfotinylate (Support Protocol 3) 
the N-terminus of the peptides 
before side chain deprotection 
or cleavage as required 



cleave the peptides 
(GAP or DKP kit) 



carry out assays with 
cleaved peptides 



Figure 1 8.2.1 Flow chart for multipin peptide synthesis. 
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pin with 
macrocrown 



Figure 18.2.2 Apparatus for multipin pepUde synthesis. (A) Assembled synthesis block with 96 
gears (left) or 96 macrocrowns (right). (B) Components of the pin assembly. Components are either 
push-fitted together (e.g. ( legs or stems into the pin holder) or clipped on (gears or macrocrowns 
onto stems). All components are solvent-resistant plastic, either polyethylene, polypropylene or 
copolymers of these two monomer types. ' 



Planning the Synthesis 

Synthetic peptides are assembled by solid-phase synthesis one amino acid at a time 
commencing with the C-terminal end of the peptide on the solid phase (see unitisj). 

The assembly process, or coupling, requires activation of the a-carboxyl group of each 
incoming amino acid to make it reactive with the a-amino group of the growing peptide 
chain. To prevent unwanted polymerization or side reaction, reactive groups in each amino 
acid must be temporarily protected, and the protecting group removed before further 
reaction can be carried out. The protecting group on the a-amino function of the most 
recently added amino acid must be removed before another amino acid can be coupled to 
it, so the a-amino protection must be labile under conditions that do not remove side-chain 
protection. Later, the side-chain-protecting groups must be removable under conditions 
that do not attack the peptide bonds. The two common protecting group "schemes" are 
known as f-butoxycarbonyl (f-Boc) or 9-fluorenylmethyloxycarbonyl (Fmoc). The pro- 
tecting group scheme currently recommended for multipin peptide synthesis is the milder 
Fmoc scheme, which is the only scheme described in this chapter. 

Before beginning to plan the actual synthesis in detail, a choice needs to be made regarding 
how the peptides will eventually be presented in the bioassay. The options available to 
investigators are listed in Table 18.2.1. 

For noncleavable peptide (NCP) kits, peptides are permanently bound on the solid phase 
(pin surface) and can be used for direct binding assays but not for interaction with living 
cells or other complex (e.g., multicomponent) systems. In this case, the peptides must be 
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"fable 18.2.1 Types of Pins for Multfpln Peptide Synthesis" 



Name Linker* 



Physical formal Loading Pinal form of peptide 



NCP Noncleavable Gear 

MPS AA ester Macrocrown 

MPS Rink amide Macrocrown 

DKP DKP-forming Gear 

GAP Glycine ester Gear 



50nmol (N-capping)-PBPTIDB-linker-pin 

5 Umol (N-cappingVPEPTlDE-acid 

5 umol (N-capping)-PBPTIDB-amide 

1 Jimol (N-capping)-PEFITDE-DKP 

1 Umol (N-capping>PBPTIDE-glycine-acid 



a ^?^° M: ^ , ^ ,rfperazine: OAP * glycine addpepflde; MPS. multiple peptide synthesis; NCP, noncleavable 
peptide; (N-capptag), a free amine, acetyl group, or blotin; PEPTIDB, the sequence of the peptide being made, 
^to of linker between peptide and graft polymer on the pin: noncleavable linker, P-alanlne-hexamethylenediamine- 
DKP, diketopiperazine; AA ester, amino add ester; Rink amide, Rink amide-forming linker. 
c See Figure 18.2.3. 



regenerated" between repeat assays by disrupting the peptide-ligand interaction without 
damaging the peptide. The quantity of peptide made is very small (50 nmol), but it is 
sufficient to provide a high surface density of peptide for direct binding assays.' 

In the other options, peptides are synthesized on pins and then released into solution. The 
mechanism of peptide release into solution affects the postsynthesis handling and thus 
the suitability of peptides produced by each cleavage method for various assay systems. 

For multiple peptide synthesis (MPS) kits, the released peptides have a "native" free acid 
or an amide carboxy terminus. To make free acid C-termini, it is necessary to use 
macrocrowns that already have the first (C-terminal) amino acid on them because the 
chemistry of forming the first (ester) link is too difficult for the inexperienced user. In 
contrast, the Rink amide linker allows formation of a peptide with a C-terminal amide of 
any amino acid by adding the C-terminal amino acid to the Rink handle macrocrown using 
the standard amino acid coupling protocol. A Rink amide linker is a linker that can accept 
an amino acid but then can be cleaved in trifluoroacetic acid (TEA) to release the amide 
form of that amino acid (Rink, 1987). Although acid or amine endings are often the most 
desirable peptide format to have, they are also the most complex to produce because the 
cleavage of the peptides from the pin is into neat TEA plus scavengers which needs to be 
evaporated to recover the peptide. The scale of peptide synthesis for MPS kits is 5 umol 
(~5 mg of a decamer). 

For glycine acid peptide (GAP) kits, peptides with a glycine at the carboxy terminus are 
cleaved as the free acid, so that the C-terminal residue is a natural amino acid (glycine) 
and is not blocked. The peptides are also relatively simple to release from the pin and 
require little postsynthesis handling. However, the presence of glycine at the C-terminus 
may be undesirable where the C-terminus plays an important role in peptide bioactivity. 
The scale of synthesis for GAP kits is 1 umol (~1 mg of a decamer). 

In diketopiperazine (DKP) kits, peptides are synthesized with a DKP group at the C 
terminus. The DKP group is a cyclic dipeptide formed from C-terminal lysine and proline 
residues during the facile cleavage of the peptide under the mildest possible conditions: 
neutral aqueous buffer. In applications where the presence of the DKP group is acceptable, 
this type of peptide can make the downstream processing of synthetic peptides very simple 
and fast, The peptides can be placed into a bioassay system immediately after completing 
the cleavage. The scale of synthesis for DKP kits is 1 nmol (~1 mg of a decamer). 

For these five kit options, it is also possible to choose a variety of N-terminal endings on 
the peptides. For example, it may be desirable to acetylate pin-bound peptides (see 
Support Protocol 2) to eliminate the positive charge that would otherwise be present on 
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the a-amino group o* uie N-terminal residue, or to enhance the activity of a peptide in a 
T helper assay (Mutch et al., 1991). A handy option for cleaved peptides is to place a 
biotin group on the N-terrainus (see Support Protocol 3) so the peptide can be captured 
using avidin or streptavidin. These additions must be made prior to side-chain deprotec- 
tion of the peptides. 

There are other configurations for multiple peptide synthesis— e.g., the SPOTS or 
"peptides on paper" system (Zeneca/CRB), the RaMPS system (DuPont), and multi-syn- 
thesizer machines (e.g., Advanced ChemTech). 

Assessing Peptide Sequences 

Peptides differ so much in properties that it is important to assess the likely properties of 
the peptides before attempting to synthesize them. Peptide length and hydrophobicity are 
the two main attributes affecting successful synthesis. The longer the peptide, the lower 
will be the purity of the product, as each amino acid coupling cycle is never 100% efficient. 
Synthesis of peptides longer than 20 residues should be avoided unless special attention 
can be given to each sequence. Hydrophobic peptides may be difficult to synthesize, but 
more significantly they may be poorly soluble in aqueous buffers, restricting their ultimate 
usefulness in bioassays. Prior to beginning synthesis of a set of peptides, it is sensible to 
assess them all for hydrophobicity (Fauchere and Pliska, 1983; wrr2.2) and decide if all 
should be attempted as they stand. In many cases, it is possible to choose slightly different 
peptides (longer, shorter, or using a different starting and finishing point in the homolo- 
gous protein sequence) that will have more user-friendly properties. 

As well as these general factors affecting peptides, particular peptide sequences may have 
characteristics that make them difficult to synthesize, or they may be problematic after 
synthesis. It is not feasible to discuss all the common problems here. To help assessment 
of peptide sequences, a software application called Pinsoft is available free from Chiron 
Technologies. This allows any sequence to be typed in, and an assessment is automatically 
reported. 

Generating Peptide Sequences 

Computer software (Pepmaker) supplied with synthesis kits allows sets of overlapping 
peptide sequences to be generated from a protein sequence computer file using the 
single-letter amino acid code. Alternatively, sequences can be created using a word 
processor and the resulting computer text file can then be used by Pepmaker to guide 
synthesis. The use of this software simplifies the otherwise complex and tedious task of 
adding the right amino acids to each reaction plate on each synthesis cycle. 

MULTIPIN SYNTHESIS OF PEPTIDES 

Derivatized pins with macrocrowns or gears are attached to a pin holder. Each peptide is 
built up on the reactive surface of one pin by successive cycles of amino acid coupling, 
followed by washing and removal of the 9-fluorenylmethyloxycarbonyl (Fmoc) amino-' 
protecting group to prepare for the next amino acid coupling cycle. A critical step is 
properly dispensing activated amino acid solutions into the appropriate wells of each 
reaction tray. A list of the well locations for dispensing of each amino acid is generated 
by the Pepmaker software for this purpose. When the peptides are complete, trifluoro- 
acetic acid (TFA) that contains scavengers is used to remove the side-chain-protecting 
groups, and for MPS kits, to cleave the peptides from the pins. The manual provided with 
each type of kit (see Table 18.2.1) includes instructions and hints for kit-specific 
procedures. 

NOTE: All reagents should be of the highest grade possible, preferably peptide synthesis 
or analytical reagent grade. 



BASIC 
PROTOCOL 



Preparation and 
Handling of 
Peptides 



Current Protocols in Protein Science 



18.2.5 

Supplement 9 



Synthesis of 
Multiple Peptides 
on Plastic Pins 



18.16 

Supplement 9 



( I 1 

Materials 

20% (v/v) piperidine/dimethylformamide (DMF; see recipe) 

DMF, analytical reagent grade / 
Methanol, analytical reagent grade ( 

100 mM activated 9-fluorenylmethyloxycarbonyl (Fmoc)-protected amino acid 

solutions (see Support Protocol 1) 
Side chain deprotecting (SCD) solution (see recipe) 
Acidified methanol: 0.5% (v/v) glacial acetic acid/methanol 
1:2:0.003 (v/v/v) ether/petroleum ether/2-mercaptoethanol (2-ME) 
1:2 (v/v) ether/petroleum ether 
O.lMNaOH 
0.1 M acetic acid 

0. 1 M sodium phosphate buffer, pH 8.0 (appendix 2E) 
Sonication buffer (see recipe) 

Peptide Synthesis Starter Kit (e.g., Chiron Technologies) of the desired type, 
containing: 

Pepmaker computer program and ELISA reading and plotting programs 
Manual 

Pins with gears or macrocrowns 
Storage boxes or sealable bags, polyethylene or polypropylene (ICN Biomedicals) 
Pipettor tips, polyethylene or polypropylene (ICN Biomedicals) 
0.3- or 1.5-ml reaction trays, polyethylene or polypropylene (Chiron Technologies, 

Nunc, or Beckman) 
Sonicator with power output of -500 W 
Dry nitrogen 

Rack containing 96 1-ml polypropylene tubes (Bio-Rad) 

10-ml capped conical polypropylene centrifuge tubes i v 

Additional reagents and equipment for N-terminal acetylation (see Support 
Protocol 2; optional) or biotinylation (see Support Protocol 3; optional) 

CAUTION: Perform all chemistry steps in a well-functioning chemical fume hood. Wear 
solvent-resistant gloves, safety glasses, and protective clothing. The reagents can be 
flammable, toxic, and/or carcinogenic. Avoid sources of contamination which may affect 
the pins, including direct contact with the bench surface or exposure to vapors. The 
reagents for multipin synthesis can be handled in unsealed systems, but the amount of 
time that these reagents are left exposed to the open air should be minimized by using 
capped containers for liquids or polyethylene bags for pins wherever practical. Local 
regulations for safe disposal of solvents and used reagents must be followed. 

Prepare synthesis schedule and equipment 
1. Use the Pepmaker computer program according to the instructions to generate the 
required set of peptide sequences (Fig. 18.2.3). Generate the printouts, which show 
for each coupling cycle how much of each amino acid solution, catalyst, and 
activating agent needs to be prepared (see Fig. 18.2.4) and where each amino acid 
solution is to be added to the reaction tray (see Fig. 18.2.5). 

The standard microtiter plate layout is an 8 x 12 matrix, in which the eight rows are 
identified as A through H and the twelve columns are identified as 1 through 12. However, 
the Pepmaker software uses a designation in which the column number is given first 
followed by a number designation for the row, beginning with row H, given in parenthe- 
ses— Le., 1(1) for well HI l(2)forwell Gl, 2(1 ) for well H2 t and 12(8) for well A12 (see 
Fig. 182.6). \ 
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2. Label each pin holder block indelibly on the top (e.g., Synthesis #1, Block A, 
Synthesis #1, Block B, and so forth), preferably by scratching into the plastic with a 
sharp tool Place the label where it will help orient the block so that the pins are not 
accidentally placed into amino acid solutions in an inverted orientation. For example, 
keep pin HI and well HI at the lower left corner of the block (Fig. 18.2.6). 

Ink labels will run or disappear with exposure to solvents. 

The multipin system is based on the standard microtiter plate layout The block is the 
complete unit and consists of the pin holder, which is the support that holds 96 pins (in an 
8x12 array with standard EUSA microtiter plate spacing), and five legs to support the 
device and correctly position the active surfaces. A pin consists of an inert stem that 
supports either a gear or a macrocrown, both of which have an active surface on which 
the peptide is synthesized (see Figure 18.2.2). A gear is a detachable gear-shaped unit that 
fits on the thin end of a stem. A macrocrown is a detachable, vaned tip that fits on the thin 
end of a stem. It is made of high-density polyethylene and the surface is derivatized to give 
a solvent-compatible polymer matrix. Macwcrowns are provided in two forms: one has a 
linker that cleaves to give peptides with an amide at the carboxy terminus; the other has a 
linker that cleaves to give the free acid at the carboxy terminus and is supplied with an 
amino acid already attached to the linker. The reaction tray used for the synthesis is a 
polyethylene or polypropylene tray consisting of 96 wells in the standard microtiter plate 
8x12 matrix Shallow reaction trays (0.3-ml) are used with gears and deep trays (L5-ml) 
are used with macrocrowns. 

3. Remove any pins that are not required for the first cycle of amino acid coupling and 
store them dry in a plastic bag in the refrigerator until needed. 

Some pins need to be removed when the peptides in the synthesis are of various lengths 
because the software is designed to arrange all peptides to complete their synthesis on the 
same (final) coupling cycle. This approach eliminates unnecessary Fmoc-deprotection 
cycles for pins that are designated to carry the shorter peptides. The synthesis printout 
from the Pepmaker software shows which pins need to be added for each cycle of amino 
acid addition (Fig. 18.2.5). Pins (stems) can be pushed out from the top side of the pin 
holder In the case of the MPS kit, where the first amino acid is already on the macrocrown 
as supplied, choose and mount the correct macrocrown for each position on the block 

Deprotect a~amino groups 

4. Add 20% piperidine/DMF to a bath and place the pins in the bath so that the tips 
(macrocrowns or gears) are covered. Cover and let stand for 20 min at room 
temperature. 

CAUTION: Piperidine is flammable. 

The volume of reagent needed for all the bath steps depends on the shape of the bath, the 
critical factor being that all surfaces of the pins (i.e., the gears or macwcrowns) bearing 
the peptide need to be totally covered A small bath suitable for gears is the upturned 
polypropylene lid of a pipettor tip box For macwcrowns, deeper baths or deep-well 
polypwpylene trays as supplied with the kit can be used 

5. Remove the block from the bath, shake off the excess liquid, and then wash the pins 
in a DMF bath for 2 min at room temperature. 

Again, the DMF must fully cover the tips. 

6. Shake off the excess DMF and immerse the block completely in a deep bath of 
methanol for 2 min so that all surfaces of the block are washed. 

CAUTION: Methanol is flammable and toxic. 

In a shallower bath the block can be turned over so that the pin holder part is washed as 
well. 



Preparation and 
Handling of 
Peptides 

18,2.7 



Current Protocols in Protein Science 



Supplement 9 



I } 



\ GENERAL NET SYNTHESIS SCHEDULE NUMBER .: 1 p age i 

Description: Example of a scan through Sperm Whale Myoglobin 
8-raer peptides based on the sequence MBN-SW 
Peptide spacing increment is 1 
Segment 1: 146 peptides starting at residue 1 
First peptide: [VLSEOEWQ] 
Last peptide: - [YKELGYQG] 
Protein sequence: MBN-SW (153 residues) 
1: VLSEGEWQLV LHWAKVEAD VAGHGQDILI RLFKSHPETL EKFDRFKHLK 
51: TEAEMKASED LKKHGVTVLT ALGAILKKKG HHEAELKPLA QSHATKHKIP 
101: IKYLEFISEA IIHVLHSRHP GNFGADAQGA MNKALELFRK DIAAKYKELG 
151: YQG 

Amino Acid set to be used - AASET1 
aaset l:Free acid L-Fmoc amino acids - DIC/HOBt chemistry 

Number of copies of each peptide 1 

Schedule based on a 250 microliter fill/well 
(Well concentration is 100 mM) 



Figure 1 8.2.3 (above and at right) A portion of the synthesis schedule worksheets generated by 
Pepmaker software for Schedule no. 1 for synthesis of a set of all possible overlapping octamers of 
sperm whale myoglobin. (A) This page of the synthesis schedule is a summary of the features of 
the protein including its sequence. (B) This page of the synthesis schedule shows the sequences 
of the first 96 peptides that will be synthesized, the first two of which are the controls, PLAQGGGG 
and GLAQGGGG. Peptide sequences are shown in the conventional amino-to-carboxy-terminal 
direction (from left to right), with a V sign indicating the end attached to the solid phase during 
synthesis. Because amino acid couplings are carried out in the carboxy-to-amino direction, the first 
amino acids coupled are at the right-hand end of each sequence, adjacent to the V. 
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7. Place the block in a second methanol bath to fully cover the tips. Wash for 2 min. 
Repeat this washing step again with a fresh methanol bath for a total of three methanol 
washes. 

8. Remove the block and allow it to air dry in an acid-free fume hood for a minimum 
of 30 min. 

*?* 

Avoid exposure to acidic fumes as this could prevent efficient coupling in the next step. 
The block can be conveniently left to dry while the amino acid solutions are being dispensed. 

Dispense activated amino acid solutions 

9. Dispense the required volume of each activated amino acid solution (see Support 
Protocol 1; 150|xl for gears or 450 jxl for macrocrowns) into the appropriate wells of 
the reaction tray as specified by the synthesis schedule for the coupling cycle (e g 
Fig. 18.2.5). 

Perform the amino acid coupling 

10. Place the pins in the activated amino acid solutions in the reaction tray, ensuring that 
the block is correctly oriented before actually lowering the pins into the solution. 
Incubate £2 hr at 20° to 25°C in a polyethylene box with a lid or in a sealable 
polyethylene bag. 

Coupling begins immediately and is irreversible. 
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B GENERAL NET SYNTHESIS SCHEDULE NUMBER : 1 Page 
Amino terminus is printed on the left 



1 A 1 (1)PLAQGGGG< 

2 A 2 (1)6LAQGGGG< 

3 A 3(1)VLSEGEWQ< 

4 A 4(1)LSEGEWQL< 

5 A 5(1)SEGEWQLV< 

6 A 6(1)EGEWQLVL< 

7 A 7(1)GEWQLVLH< 

8 A 8(1)EWQLVLHV< 

9 A 9(1)WQLVLHVW< 

10 A10(1)QLVLHVWA< 

11 All(l)LVLHVWAK< 

12 A12(1)VLHVWAKV< 

13 A 1(2)LHVWAKVE< 

14 A 2(2)HVWAKVEA< 

15 A 3 (2)VWAKVEAD< 

16 A 4(2)WAKVEADV< 

17 A 5(2)AKVEADVA< 

18 A 6(2)KVEADVAG< 

19 A 7(2)VEADVAGH< 

20 A 8 (2)EADVAGHG< 

21 A 9(2) ADVAGHGQ< 

22 AlO (2 ) DVAGHGQD< 

23 A11(2)VAGHGQDI< 

24 Al 2 ( 2 ) AGHGQDIL< 

25 A 1(3)GHGQDILI< 

26 A 2(3)HGQDILIR< 

27 A 3(3) GQDILIRL< 

28 A 4(3)QDILIRLF< 

29 A 5<3)DILIRLFK< 

30 A 6(3)ILIRLFKS< 

31 A 7(3)LIRLFKSH< 

32 A 8<3)IRLFKSHP< 

33 A 9(3)RLFKSHPE< 

34 A10(3)LFKSHPET< 

35 A11(3)FKSHPETL< 

36 A12(3)KSHPETLE< 

37 A 1(4)SHPETLEK< 

38 A 2(4) HPETLEKF< 

39 A 3(4) PETLEKFD< 

40 A 4(4) ETLEKFDR< 

41 A 5(4) TLEKFDRP< 

42 A 6(4) LEKFDRFK< 

43 A 7(4) EKFDRFKH< 

44 A 8 (4) KFDRFKHL< 

45 A 9(4) FDRFKHLK< 

46 A10(4)DRFKHLKT< 

47 All ( 4 ) RFKHLKTE< 

48 A12(4)FKHLKTEA< 



49 A 1(5)KHLKTEAE< 

50 A 2(5) HLKTEAEM< 

51 A 3(5) LKTEAEMK< 

52 A 4 ( 5) KTEAEMKA< 

53 A 5(5) TEAEMKAS< 

54 A 6(5)EAEMKASE< 

55 A 7(5) AEMKASEEK 

56 A 8(5)EMKASEDL< 

57 A 9(5)MKASEDLK< 

58 AlO ( 5 ) KASEDLKK< 

59 All ( 5 ) ASEDLKKH< 

60 A12 { 5 ) SEDLKKHG< 

61 A 1(6) EDLKKHGV< 

62 A 2(6) DLKKHGVT< 

63 A 3(6) LKKHGVTV< 

64 A 4{6)KKHGVTVL< 

65 A 5{6)KHGVT7LT< 

66 A 6(6)HGVTVLTA< 

67 A 7(6)GVTVLTAL< 

68 A 8(6)VTVLTALG< 

69 A 9(6) TVLTALGA< 

70 A10(6)VLTAI*GAI< 

71 Al 1 ( 6 ) LTALGAIL< 

72 A12(6)TALGAILK< 

73 A 1 (7) ALGAILKK< 

74 A 2 (7 ) LGAILKKK< 

75 A 3(7) GAILKKKG< 

76 A 4(7) AILKKKGH< 

77 A 5(7)II*KKKGHH< 

78 A 6(7) LKKKGHHE< 

79 A 7(7) KKKGHHEA< 

80 A 8(7) KKGHHEAE< 

81 A 9(7) KGHHEAEL< 

82 AlO ( 7 ) GHHEAELK< 

83 All (7)HHEAELKP< 

84 A12(7)HEAELKPL< 

85 A 1(8) EAELKPLA< 

86 A 2(8) AELKPLAQ< 

87 A 3(8)ELKPLAQS< 

88 A 4(8)LKPLAQSH< 

89 A 5(8)KPLAQSHA< 

90 A 6(8)PLAQSHAT< 

91 A 7(8) LAQSHATK< 

92 A 8(8) AQSHATKH< 

93 A 9(8) QSHATKHK< 

94 A10(8)SHATKHKI< 

95 A11(8)HATKHKIP< 

96 A12(8)ATKHKIPI< 



Figure 18.2.3 (continued) 
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Wash the pins 

11. Remove the block of pins from the amino acid solutions and, if the next cycle is to 
start immediately, place the block in a methanol bath in which the pins are immersed 
to half their height (tips are folly immersed). Wash with agitation for 5 min. flick off 
excess methanol and allow to air dry for 2 min. 

12. Place the block in a DMF bath in which the pins are immersed to half their height 
(tips are fully immersed). Wash with agitation for 5 min. 

If extra pins are to be added as synthesis progresses (if the peptides being made differ in 
length), add the pins to the appropriate spaces (see Fig. 182 .5). 

13. Repeat steps 4 through 12 for each cycle of amino acid addition. Follow the synthesis 
schedule for preparing Fmoo-protected amino acid solutions and for depositing 



f GENERAL NET SYNTHESIS SCHEDULE NUMBER : 1 Page 3 
Bulk solutions for activator and/ or additives ( 150 wells) 
Chemistry Group 1 data for synthesis coupling 1 
Activator : DIC requires 567.9 mg in 9.0 ml of DMF 
Additive 1: HOBt requires 816.4 mg in 35.5 ml of DMF 

WEIGHTS FOR INDIVIDUAL AMINO ACID SOLUTIONS 
AA # Amino acid description Batch Weight (mg) DIC HOBt 

Target Actual (ml) 

A 17 Fmoc-L-Ala-OH.H20 155.2 0.94 

D 6 Fmoc-L-Asp(OtBu)-OH 75.1 0.36 

E 12 Fmoc-L-Glu{OtBu)-OH.H20 150.8 0.68 

F 6 Fmoc-L-Phe-OH 70.7 0.36 

G 14 Fmoc-Gly-OH 116.7 0.79 

H 12 Fmoc-L-His (Boc)-OH.SDCM 176.8 0.68 



I 9 Fmoc-L-Ile-OH 

K 19 Fmoc-L-Lys (Boc)-OH 

L 17 Fmoc-L-Leu-OH 



M 
N 
P 
Q 
R 
S 
T 
V 
W 
Y 



2 Fmoc-L-Met-OH 

2 Foioc-L-Asn{Trt)-OH 

4 Fmoc-L-Pro-OH 

5 Fmoc-L-Gln(trt)-OH 



92.3 0.52 

245.4 1.05 

166.5 0.94 

28.8 0.16 

46.2 0.16 

43.9 0.26 

95.4 0.31 



4 Fmoc-L-Arg(PMC)-OH.3IPE 90.4 0.26 

5 Fmoc-L-Ser (tBu)-OH 
5 Fmoc-L-Thr (tBu) -OH 
7 Fmoc-L-Val-OH 

1 Fmoc-L-Trp (Boc) -OH 

3 Fmoc-L-Tyr (tBu) -OH 



59.9 
62.1 
70.8 
27.0 



0.31 
0.31 
0.42 
0.10 



47.7 0.21 



(ml) 
3 .77 
1.46 
2.72 
1.46 
2.30 
2.72 
2.09 
4.19 
3.77 
0.62 
0.62 
1.04 
1.25 
1.04 
1.25 
1.25 
1.67 
0.41 
0.83 



Figure 1 8.2.4 This page of the synthesis schedule is used for the preparation of activated amino 
acid solutions. It shows the amounts of each amino acid (represented by the single letter code, A 
through Y, along the left-hand margin), activator (dllsopropytearbodfimide [DIC] in dimethylfor- 
mamlde [DMF]), and catalyst (additive; 1-hydroxybenzotriazole [HOBt] In DMF) needed for the first 
amino acid coupling cycle. (In this example the amounts are calculated for a 250-uf reaction volume.) 
The amino acid powder Is dissolved In the HOBt/DMF solution (right-hand column) before activation 
with DIC/DMF solution. 
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PIN POSITIONS for Synthesis coupling 1 
NEW PIN POSITIONS 

A 1(1) TO B 6(5) 

Well positions for amino acid dispensing 

A A10(l) A 2(2) A 5(2) A12(4) A 4(5) A 6(6) A 9(6) 

A 7(7) A 1(8) A 5(8) Bll(l) B 2(3) B 4(3) B 7(3) 
Bll(3) B 8(4) TO B 9(4) 

D A 3(2) A10(2) A 3(4) A 7(5) B 3(3) B6(4) 

E A 1(2) A 9(3) A12(3) All(4) A 1(5) A 6(5) A 6(7) 
A 8(7) B 6(1) B10(l) B 1(4) B 1(5) 

F A 4(3) A 2(4) A 5(4) B 7(1) B12(2) B3(4) 

G A 1(1) TO A 2(1) A 6(2) A 8(2) A12(5) A 8(6) A 3 (7) 

B 1(1) TO B 2(1) B10(2) B 1(3) B 6(3) B 3(5) B 6(5) 

H A 7(1) A 7(2) A 7(3) A 7(4) All(5) A 4(7) TO A 5(7) 
A 4(8) A 8(8) B 2(2) B 5(2) B 8(2) 

I All(2) A 1(3) A10(6) A10(8) A12(8) B 8(1) B12 (1) 
TO B 1(2) B 7(4) 

K All(l) A 5(3) A 1(4) A 6(4) A 9(4) A 3(5) A 9(5) 

TO A10{5) A12(6) TO A 2(7) A10(7) A 7(8) A 9(8) B 3(1) 
B10<3) B 5(4) B10(4) B12(4) 

L A 4(1) A 6(1) A12(2) A 3(3) All(3) A 8(4) A 8(5) 

A 4(6) A 7(6) All(6) A 9(7) A12(7) B 5(1) B 4(2) 
B12(3) B 2(4) B 2(5) 



M 


A 2(5) 


B 8(3) 












N 


Bll(2) 


B 9(3) 












P 


A 8(3) 


All (7) 


All (8) 


B 


9(2) 






Q 


A 3(1) 


A 9(2) 


A 2(8) 


B 


5(3) 


B 


5(5) 


R 


A 2(3) 


A 4(4) 


B 7(2) 


B 


4(4) 






S 


A 6(3) 


A 5(5) 


A 3(8) 


B 


9(1) 


B 


6(2) 


T 


A10(3) 


A10(4) 


A 2(6) 


A 


5(6) 


A 


6(8) 


V 


A 5(1) 


A 8(1) 


A12(l) 


A 


4(2) 


A 


1(6) 


W 


A 9(1) 














Y 


B 4(1) 


Bll(4) 


B 4(5) 











Figure 18.2.5 This page of the synthesis schedule identifies which wells of the reaction tray 
receive which activated amino acid solution. Each amino acid solution is identified along the 
left-hand margin using the single-letter amino acid code. Individual reaction trays and pin holders 
(A or B in this case) are identified by letters of the alphabet, and the paired numbers— e.g., 10(1) 
for well 1 0H— identify individual wells within reaction trays according to the numbering system 
illustrated In Figure 18.2.6. 
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aliquots of the activated amino acids to the appropriate wells of the reaction tray for 
each cycle. 

TWo coupling cycles can be carried out during a normal working day, and a third coupling 
can be carried out overnight, so a total of three amino acids can be added to each pin 
during a 24-hr period 

14. Deprotect the final Fmoc amino acid by repeating steps 4 through 8. Then proceed 
with step 15 or step 16. 

15. Optional: For B cell epitope scanning or for T helper cell epitope scanning, the 
N-terminus of the peptide can be capped by acetylation (see Support Protocol 2). To 
allow later recapture onto avidin, the N-terminus of the peptide can be capped with 
biotin or long-chain biotin (see Support Protocol 3). 

Deprotect the side chains 

16. Dispense the required volume of SCD solution into a bath or tubes (L5 ml/tube) and 
fully immerse the peptide-bearing portion of the pins. Cover bath or cap tubes and 
incubate 2.5 hr at 20° to 25°C. 

CAUTION: SCD solution is a toxic, corrosive liquid 

For blocks where the peptide is to remain attached to the pin during side chain depwtection 
(i.e., NCP, GAP, andDKP kits), side chain depwtection is carried out in a bath of reagent 
For pins where the peptide is simultaneously side chain deprotected and cleaved from the 
pin (MPS kits), the process is carried out in individual 10-ml capped conical polypropylene 
centrifuge tubes that become the containers for the recovered peptide. 

17a. For NCP, GAP, orDKP kits: Wash the pins 3 times in acidified methanol to remove 
the SCD solution prior to further treatment. 

17b. For MPS kit: In a good chemical fume hood, reduce the volume of SCD solution 
containing cleaved peptide to -0.1 ml either with a gentle stream of dry nitrogen 
gas or in a centrifugal vacuum drier (e.g., Speedvac) equipped to handle corrosive 
fumes. Precipitate the peptide in the remaining solution with 8 ml of 1:2:0.003 
ether/petroleum ether/2-MR Decant and discard the supernatant, and wash the 









1 2 3 4 5 6 7 8 9 10 11 12 




(8) 


aOOOOOOOOOOOO 




(7) 


bOOOOOOOOOOOO 




(6) 


cOOOOOOOOOOOO 




(5) 


dOOOOOOOOOOOO 




(4) 


eOOOOOOOOOOOO 




0) 


fOOOOOOOOOOOO 




(2) 


gOOOOOOOOOOOO 




(D 


hOOOOOOOOOOOO 









Figure 1 8.2.6 The numbering system lor pins and reaction trays for Chiron Technologies' multipln 
synthesis system. Each well is Identified by a pair of numbers rather than a number and a letter, 
e.g, 1 (1 ). The first number identifies the column number; the second (In parentheses) identifies the 
lettered row, beginning with H as (1) and ending with A as (8). 
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precipitated peptide with 4 ml of 1 :2 ether/petroleum ether. Dry the piecipitate with 
a gentle stream of dry nitrogen. 

CAUTION: Ether/petroleum ether/2-ME and ether/petroleum ether solutions are highly 
flammable. 

These dry peptides can now be redissolvedfor assay purposes or may. be further purified, 
e.g., byHPLCfsee UN1TIL6). 

Prepare the peptides 

18a. For GAP kits: Add 0.7 ml of 0.1 M NaOH to each tube of a rack of 96 1-ml 
polypropylene tubes. Place the pins into the solution and incubate -1,5 hr to cleave 
the peptides from the pins. Immediately after cleavage, neutralize with one equiva- 
lent of 0.1 M acetic acid. 

Alternatively, the 0.1 M NaOH solution can contain 40% (v/v) acetonitrile to facilitate 
solubilization of the more hydrophobic peptides. 

The incubation time can be shorter if the tubes are sonicated during cleavage. 

1 8b. ForDKP kits: Cleave the peptide from the pin in a suitable, reasonably well-buffered 
solution with a pH >7 overnight (16 hr). 

The solution for cleavage— e.g., 0.1 M sodium phosphate, pH 8, or 0.1 M HEPES, pH 
8— can be chosen to be compatible with the assay for which the peptides will be used; the 
solution should have a buffering capacity of~0> 05 M. 

Again, an organic modifier such as acetonitrile can be added to the cleavage solution to 
facilitate solubilization of the more hydrophobic peptides. 

18c. ForNCP kits: Prepare the pins for binding assays by floating the block, pin-side 
down, in sonication buffer and sonicating 10 min at ~60°C. Rinse the pins first in 
water, then in 20° to 45°C methanol for immediate use in an assay or air dry the pins 
for storage until they are used in an assay. 



PREPARING ACTIVATED Fmoc-PROTECTED AMINO ACID SOLUTIONS 

Activated 9-fluorenylmethyloxycarbonyl (Fmoc)-protected amino acid solutions are 
prepared in two steps. First, the protected amino acid is dissolved in a solution of the 
catalyst, 1-hydroxybenzotriazole (HOBt) in dimethylformamide (DMF). Then, just be- 
fore dispensing, the amino acid is activated by adding an activating agent The following 
procedure illustrates the use of diisopropylcarbodiimide (DIQ as the activating reagent. 
DIC is a liquid and can be measured by volume. 

Additional Materials (also see Basic Protocol) 

9-fluorenylmethyloxycarbonyl (Fmoc)-protected amino acids with 
side-chain-protecting groups (Sigma, Bachem, Novachem, or Chiron 
Technologies), stored at 4°C 

Catalyst: 1-hydroxybenzotriazole (HOBt) 

Activating agent: diisopropylcarbodiimide (DIC) 

Dimethylformamide (DMF), amine-free 

Ethanol, analytical reagent grade 

5- or 10-ml glass, polyethylene, or polypropylene bottles with inert (e.g., 
polythylene, Tfeflon) lids and liners 

1, Remove the Fmoc-protected amino acids from the refrigerator and allow them to 
come to room temperature before weighing them out. 

Warming the containers to room temperature avoids the possibility of uptake of moisture 
from the air onto the cold solids. 
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TKe side chains of the amino acids must also be protected during peptide synthesis: t-butyl 
ether is used for serine, threonine, and tyrosine; t-butyl ester is used for aspartic acid and 
glutamic acid; t-butoxycarbonyl (t-Boc) is used for lysine, histidine, and tryptophan; 
2,2 t 5J,8-pentamethykhmmm-6-mlfonyl(Pmc)lswed andtrityl(Trt) is used 

for cysteine. If benzotriazotyl-N-oxytris(dimethylamto^ hexafluorophos- 
phate (BOP) or benzotriazx>l^yUoxytripyrwlidimphosp hextfluorophosphate 
(PyBOP) activation is to be used, trityl protection should be used for asparagine and 
glutamine. BOP and PyBOP require greater care in handling and different protection 
should be used for some amino acids. 

2. Weigh individual amino acids and HOBt using the quantities specified for the current 
synthesis cycle (e.g., see Fig. 18.2.4) into separate appropriately sized clean and dry 
glass, polyethylene, or polypropylene bottles. Rinse the spatula with ethanol and dry 
it after weighing each reagent. 

The bottle caps and inserts must be inert to any of the reagents or solvents used in making 
up the activated solutions (they must be Teflon, not rubber). 

Care should be taken to avoid cross-contamination of amino acids by rinsing the spatula 
in ethanol between weighings (the spatula must be dry before each use) and by making 
sure that all lids, as well as the containers, are labeled so they can be replaced on the 
correct bottles after weighing has been completed 

3. Measure the appropriate amount of DIC (see "Activator" as in Fig. 18.2.4). 

DIC is a liquid so it is more convenient to measure it by volume rather than by weight 
Multiply the indicated weight by 1 .23 (based on the density of DIC, 0.815 g/ml) as a 
conversion factor from the calculated weight to get the required volume of DIC in 
microliters. 

4. Prepare HOBt and DIC solutions, by pipetting the appropriate volumes of purified 
(amine-free) DMF as shown on the synthesis schedule (e.g., see Fig. 18.2.4). 

Both reagents should be fully dissolved in the DMF before using them to prepare the 
activated amino acid solutions. 

5. Add the specified volume of HOBt/DMF solution (e.g., Fig. 18.2.4, column headed 
"HOBt 9 *) to the individual amino acids. 

Make sure the amino acids are completely dissolved before adding the activator solution. 
Unactivated amino acid solutions may be stored a few days at 4°C. 

6. Activate the individual amino acid solutions by adding the specified volume of 
DICYDMF solution to each amino acid solution (e.g., Fig. 18.2.4, column headed 
"DIC"). Mix thoroughly and use immediately for peptide synthesis. 

Activated amino acids should be prepared immediately before use and any excess should 
be discarded. 
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N-TERMINAL ACETYLATTON OF PEPTIDES 

N-terminal capping of the peptides is carried out after a final 9-fluorenylmethyloxycar- 
bonyl (Fmoc)-deprotection cycle and prior to side chain deprotection. The process is 
similar to coupling of amino acids, except that in the case of acetylation the active reagent 
can be acetic anhydride rather than acetic acid. Acetic anhydride does not require 
activation. If acetic anhydride is not available, simply use acetic acid as if it were an amino 
acid (see Support Protocol 3). 

Additional Materials (also see Basic Protocol) 

Acetylation solution (see recipe), prepared just before use 
Pins with completed peptides (see Basic Protocol) 
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1. Add freshly prepared acetylation solution to appropriate bath container. 

2. Immerse the pins with completed peptides in acetylation solution and incubate 90 
min at room temperature. 

3. Wash the pins in a methanol bath and air dry. 

The pins can now be used for side chain depwtection (Basic Protocol, step 16). 

N-TERMINAL BIOTTNYLAITON OF PEPTIDES 

Biotin can also be coupled to the N-terminus of peptides after N-terminal deprotection 
and before side chain deprotection. The reagent is used as if it were an amino acid, using 
the same solvent, activating agent, and catalyst 

Additional Materials (also see Basic Protocol) 
Biotin or long-chain biotin 
Dimethylformamide (DMF), amine-free 
Diisopropylcarbodiimide (DIQ 
Pins with completed peptides (see Basic Protocol) 

1. Dissolve biotin in amine-free DMF to a concentration of 125 mM. 

2. Prepare a lOx solution of DIC (activating agent) by dissolving 158 mg DIC in 1 ml 
DMF and prepare a lOx solution of HOBt (catalyst) by dissolving 192 me HOBt in 
1 ml DMF. 

3. Activate the biotin with the lOx concentrate solutions of activation agent and catalyst 
(80:10:10 [v/v/v]). 

4. Dispense 1 50 nl/well (for gears) or 450 fll/well (for macrocrowns) into reaction trays. 

5. Immerse the pins with completed peptides in the reaction tray and incubate >2 hr. 

6. Wash the pins in methanol. 

The pins can now be used for side chain depwtection (see Basic Protocol, step 16). 

REAGENTS AND SOLUTIONS 

Use Milli-Q water in all recipes and protocol steps. For common stock solutions, see APPENDIX 2E- for 
suppliers, see SUPPLIERS APPENDIX. 

Acetylation solution 
For 200 ml: 

193 ml dimethylformamide (DMF) 

6 ml acetic anhydride 

1 mlTV-ethyldiisopropylamine 

Prepare immediately before use and discard after use 

DO NOT expose pins to acetic anhydride at any other time except during acetylation. Also, 
do not store acetic anhydride anywhere near where peptide synthesis is performed 
The DMF does not need to be amine-free. 
20% piperidine/DMF 

Prepare a 20% (v/v) solution of the best quality piperidine available in analytical 
reagent-grade dimethylformamide (DMF). Prepare a fresh solution for each syn- 
thesis (solution can be reused several times within a synthesis). Store at room 
temperature in an amber bottle containing activated molecular sieves to remove 
moisture. 

CAUTION: This solution is highly flammable and toxic. 

continued 
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Ifhign-quality piperidine is not available, it may have to be timed with solid sodium 
hydroxide and redistilled 

DMF need not be amine-free. 

Side chain deprotecting (SCD) solution 
33 parts (v/v) trifluoroacetic acid 

1 part (v/v) ethanedithiol 

2 parts (v/v) anisole 

2 parts (v/v) thioanisole 
2 parts (v/v)H 2 0 

Prepare immediately before use and do not store or reuse 

CAUTION: This solution is corrosive and extremely malodorous. Contamination of the 
laboratory, especially with ethanedithiol should be avoided. Wipe the outside of 
ethanedithiol-contaminated equipment or containers with dilute, 0,1% aqueous hydrogen 
peroxide to oxidize ethanedithiol to a nonodorous compound before removing the container 
from the fume hood DO NOT allow hydrogen peroxide to contact other readily oxidizable 
materials or reagents. 

Sonication buffer 
l%(w/v)SDS 

0.1 M sodium phosphate buffer, pH 7.2 (appendix 2e) 
0.1% (v/v) 2-mercaptoethanol (2-ME) 
Store at room temperature up to 1 week 

CAUTION: Before discarding sonication buffer, destroy remaining 2-ME by adding 2 ml 
30% hydrogen peroxide per liter of buffer. 
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COMMENTARY 

Background Information 

The multipin method was developed by Dr. 
H.M. Geysen and coworkers (Geysen et al., 
1984, 1987) as a scanning method for linear 
antibody-defined epitopes. Eventually in the 
late 1980s, the method was adapted to parallel 
synthesis of cleaved (soluble) peptides (Maeji 
et al., 1990), opening the way for systematic 
scanning of T helper (Reece et al., 1993) and 
cytotoxic epitopes (Burrows et al„ 1994). In- 
itially only suitable for synthesis of short pep- 
tides (up to 10 amino acid residues), the method 
can now routinely produce peptides of up to 20 
residues of acceptable quality for initial screen- 
ing experiments (Valerio et al., 1993). 

Critical Parameters 

Successful peptide synthesis requires re- 
agents of a quality appropriate to the particular 
step, and the careful application of those re- 
agents. For example, the protected amino acids 
need to be free of reactive counterions such as 
dicyclohexylamine (DCHA), contaminating 
unprotected amino acid, isomers such as the 
D-amino acid, and water. Check carefully that 
the amino acid as supplied is EXACTLY the 
same as specified in the manual or on the 
software. Apart from quality testing each amino 



acid, the best assurance of quality is to buy only 
from reputable suppliers. 

Dimethylformamide (DMF) is the primary 
solvent for carrying out reactions (couplings) 
on pins. Its low volatility and moderate polarity 
make it suitable for dissolving the amino acids 
and solvating the graft polymer/growing pep- 
tide on the pin surface. Purity is not critical for 
some (washing) steps, but is critical for the 
DMF used just before and during amino acid 
coupling. Presence of excessive amine in the 
DMF results in loss of activated amino acid 
because the amino acid couples to the amine 
rather than to the peptide on the pin. Fortu- 
nately, the pin system allows use of substantial 
molar excesses of incoming amino acid (typi- 
cally 6- to 1000-fold), so loss of some amino 
acid is not disastrous. Fresh DMF of the best 
available grade should be used for the coupling, 
and it is recommended that the amine level be 
tested using the FDNB test (Stewart and Young, 
1984). 

Liberal use is made of methanol as a washing 
solvent. Analytical reagent grade methanol is 
readily available at low cost in large containers 
(20 or 200 liters) and is relatively easy to dis- 
pose of. It is possible to reduce the use of 
methanol by reusing it for washes: the last wash 
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bath in any series should be in fresh (pure) 
methanol. In the next round of washes, the 
former last bath is then reassigned as the sec- 
ond-to-last wash, the previously second-to-last 
bath becomes the third-to-last, and so on. For 
each synthesis cycle, the first wash bath in the 
series is the one which is discarded. The pres- 
ence of methanol is undesirable during reac- 
tions on the pins, but as it evaporates readily it 
can be easily removed by standing the block in 
a moving stream of air, such as the opening of 
an operating chemical fume hood. Methanol 
will dry more rapidly and the methanol-washed 
pins will take up less moisture from the air if 
the methanol is warm (e.g., prewarmed to 45°C 
in a closed bottle in a water bath). 

Other solvents (e.g., ether, petroleum ether, 
acetonitrile) should be the best available grade. 

Carrying out the correct synthesis of the 
peptides requires that all steps are performed 
with a very high level of attention to detail. All 
cyclically repeated steps (washes and deprotec- 
tions) must be performed, and the activation 
and dispensing of the amino acids for each 
coupling cycle must be carried out exactly, or 
the peptides made may have the incorrect se- 
quence, may be missing an amino acid, or may 
be truncated. Computerized equipment is avail- 
able for assisting with the accurate dispensing 
of amino acids to the wells in a reaction tray 
(e.g., "Pin-Aid," Chiron Technologies; Carter 
et al., 1992). The growing peptides must not be 
subjected to conditions that would prematurely 
block or deprotect the side chains (for example, 
from premature exposure to acetic anhydride 
or trifluoroacetic acid, which should be stored 
well away from where peptide synthesis is 
being performed). 

As a spot test for correct completion of all 
the steps of synthesis, it is wise to synthesize 
controls on each block of 96 pins. For noncleav- 
able peptides, these controls can be peptide 
sequences that can be probed with an antibody 
known to react with the peptide. In this case, 
one of the two peptides should be a negative 
control, such as a randomized sequence. For 
cleavable peptides, the quantity and quality of 
the controls can be monitored by the usual 
techniques of HPLC (unit ;;.<$), amino acid 
analysis (unit up), and mass spectrometry 
(Chapter 16). Ultimately, proof that an assay 
result is a function of the particular peptide 
made has to rely on a confirmatory experiment 
carried out with more highly-characterized 
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peptide or on analysis of a sample of the par- 
ticular peptide used in the experiment 

Once peptides have been made, they need to 
be handled and stored carefully to prevent deg- 
radation. Noncleavable peptides (pins) should 
be stored dry in a refrigerator after removal of 
any bound protein. If stored with desiccant they 
should be stable for months to years. Cleaved 
peptides can be stored frozen or as dry powder. 
After a long period of storage, it is wise to 
reassay controls or confirm the quality of the 
stored peptide by analysis. 

Anotherparameter critical to data from large 
numbers of peptides is to ensure that the iden- 
tity of each peptide is properly tracked and that 
activity is not ascribed to the wrong peptide. 
Consistent use of the 8 x 12 microtiter plate 
format for synthesis, storage, assay, and use of 
computerized records for tracking all three 
processes can help avoid mistakes. Tracking 
and control is particularly easy if the assay data 
is read direcdy from a microtiter plate reader 
to a computer that is programmed with the 
peptide information because this method 
avoids manual data transcription. 

Anticipated Results 

For a noncleavable pin-peptide synthesis, 
two control peptides, one of which is reactive 
with a monoclonal antibody in ELISA and the 
other serving as a nonbinding peptide control, 
should show the specific binding expected 
based on past data. For cleaved peptides, the 
yield of control peptide should be in the range 
expected from the stated pin loading (substitu- 
tion level), e.g., 1 ^tmol for GAP and DKP kits 
or5 ^irnol for the MPS kit Purity of thecleaved 
controls should be consistent with the results 
of previous batches and should be of an accept- 
able standard. 

Testing of a systematic set of peptides in a 
bioassay can give data that is interpretable with- 
out recourse to additional controls, because a 
systematic set of peptides through a protein 
includes many sequences that are unlikely to 
be reactive sequences, Le., they act as internal 
negative controls. Figure 18.2.7 shows one set 
of ELISA data from scanning noncleaved pep- 
tides with a monoclonal antibody. In screening 
for T helper cell responsiveness it is critical to 
include many control cultures, not only con- 
trols with no peptide added but also controls 
with nonstimulatory peptide. Systematic sets 
of peptides automatically include such controls 
(ReeceetaL, 1994). 
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Time Considerations 

If amino acid coupling is carried out at 3 
cycles/day, which can fit into a conventional 
working day, then it will take up to 2 weeks to 
make a set of 15-mers, as there is extra time 
required for side chain deprotection and drying 
down (depending on the peptide format). Al- 
though this may seem slow, the fact that hun- 
dreds or thousands of peptides can be made 



o 

simultaneously means that a project requiring 



short time. Indeed, the rate-limiting step may 
be the time it takes to carry out the assays on 
the large number of peptides when they become 
available. 

From this perspective, biotinylated peptides 
produced on glycine acid peptide (GAP), dike- 
topiperazine (DKP), or multiple peptide syn- 
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Figure 18.2.7 Multipin capture ELISA. (A) Setup for multipln capture ELISA. Pins (gears) with 
peptides covalently attached are incubated in primary antibody, secondary antibody, and substrate 
developer in ELISA plates, the absorbance is measured and the resulting absorbance values are 
graphed versus peptide number, corresponding to the N-termlnal residue number of the peptide in 
the protein sequence. (B) Peptide pin capture ELISA results with a monoclonal antibody against 
pins bearing octamer peptides of gonococcal pilin protein. All the peptides that show high readings 
contain a significant portion of the epitope. (Diagram courtesy of Dr. Fred Cassels, Walter Reed 
Army Institute of Research, Washington, D.C.) 
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thesis (MPS) pins have a great advantage over 
the noncleavable peptide (NCP) pin-bound 
peptides, as the latter can only be assayed once 
a day, whereas hundreds of parallel assays can 
be carried out on all biotinylated peptides at 
once. Reading data directly into a computer 
enables the massive amounts of data to be 
stored efficiently for later analysis. 

Dispensing amino acids can be carried out 
efficiendy by two people, one reading out the 
position into which the amino acid is to be 
dispensed and the other doing the actual dis- 
pensing. The passive partner (reader) can also 
act as a cross-checker to ensure no mistakes are 
made. If a computer-controlled pointing device 
is used, accuracy is improved and dispensing 
becomes a one-person operation. For large syn- 
theses (>200 peptides), it is important that the 
dispensing be fast and accurate so that three 
couplings can be carried out per day. 
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